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A  New  Directory  to  Expertise, 
Facilities,  and  Services 

The  4th  edition  of  this  valuable  directory  guides  you  to 
hundreds  of  Federal  agencies,  laboratories,  and  engineer- 
ing centers  willing  to  share  their  expertise  and  equip- 
ment— and  sometimes  even  their  facilities — to  aid  in 
your  research.  Detailed  summaries  of  more  than  1,100 
unique  resources  are  arranged  in  32  subject  areas  for 
easy  reference 
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The  name,  address,  and  phone  number  of  a  personal 
contact  is  listed  for  each  entry,  along  with  the  de- 
scriptive summary. 

Descriptions  of  90  Technical  Information  Centers  are  in- 
cluded 

These  centers  offer  information  services  and  expertise  in  areas  such  as  fuels, 
cold  regions,  concrete,  fisheries,  toxicology,  pesticides,  plastics,  and  much  more. 

Four  handy  indexes  make  it  easy  for  you  to 
locate  the  resource  you  need: 

•  A  Subject  Index  lets  you  look  up  your  need 
by  specific  topic. 

•  The  State  Index  arranges  all  the  resources 
within  a  state. 

•  The  Resource  Name  Index  provides  a 
quick  reference  if  you  already  have  a  name 
of  a  specific  Federal  laboratory  or  service. 

•  An  Agency  Index  provides  a  listing  of  all 
the  resources  by  Government  agency. 


"The  Directory  will  be  popular  in  research  or 
business  libraries." 

Reference  Book  Bulletin 
American  Libraries  Association 


Order  yoxir  directory  today. 

Call  the  NTIS  sales  desk  at  (703)  487-4650.  Refer  to  the 
NTIS  order  number,  PB90-1 04480 AAW,  price  $59.95 
plus  $3.00  for  handling. 
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Information  Service  (NTIS),  Tech  Notes  bring 
together  individual  one-  to  two-page  fact  sheets 
prepared  by  Federal  agencies,  their  laboratories, 
or  contractors.  These  fact  sheets  highlight  current 
Federal  technology  determined  to  have  commer- 
cial or  practical  application.  Topics  cover  new 
processes,  materials,  techniques,  software, 
instrumentation,  and  resources. 

Some  of  the  current  sources  are  the  Depart- 
ment of  the  Navy,  Department  of  the  Army, 
NASA,  Department  of  Energy,  Environmental 
Protection  Agency,  Department  of  the  Interior, 
and  the  Department  of  Agriculture. 

Special  assistance  is  provided  by  the  Federal 
Laboratory  Consortium. 
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Springfield,  VA  221 61 

(703)  487-4630 

Suggestions,  comments,  or  questions  concerning 
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Room  300B  F 
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Springfield,  VA  221 61 

(703)  487-4805 
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Every  Tech  Notes  fact  sheet  lists  a  source 
for  additional  information.  The  source  of 
this  information  may  be  a  special  support 
package  from  the  originating  agency,  a 
personal  contact,  a  licensing  opportunity, 
or  a  backup  report  available  from  NTIS. 


Each  fact  sheet  also  is  perforated  to  allow 
for  easy  removal  for  those  subscribers  who 
may  wish  to  keep  a  special  fact  sheet  file  or  a 
route  to   others   in   their  organization   " 
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Further  Backup 

Information 


Below  are  two  representative  examples  of 
how  each  Tech  Note  fact  sheet  provides 
you  with  a  source  of  further  information.  In 
most  cases,  this  information  is  provided 
directly  by  the  agency  or  its  laboratory. 


However,  there  are  cases  where  NTIS  is 
the  source  for  backup  documentation.  In 
these  cases,  use  the  order  form  at  the 
end. 


Examples: 

significant  distance  from  the  endwalls.  Therefore,  a 
radial  variation  in  efficiency  should  be  used  when 
designing  small  stators. 

Project  Officer  Jeffrey  E.  Haas      , — 

(216)433-4000. 

FOR    ADDITIONAL    INFORMATION 

You  can  learn  more  about  this  technology  by  ord 
the  NTIS  report(s): 

Cold-Air  Performance  of  Compressor  Drive 

Turbine 

Order  number:  AD-A101066/NAA 

Price  code:  A02 

Order  from: 

National  Technical  Information  Service 

5285  Port  Royal  Road 

Springfield,  VA  221 61 

(703)  487-4650 
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*  See  the  order  form  and 
price  code  table  at  the  end 
of  the  issue. 


Suggested  applications  include  other  kinds  of 

refrigerators,  heat  engines,  thermal 

instrumentation,  and  heat  switches. 

This  work  was  done  by  Emanuel  Tward  of  Caltech 

for  NASA's  Jet  Propulsion  Laboratory. 

NPO-15479/TN 

FOR    ADDITIONAL    INFORMATION 

Contact:  Director,  Technology  Transfer 
Division,  P.O.  Box  8587,  BW I  Airport,  MD 
21240:  (301)  621-0100  Ext.241. 
REFER  TO  THE  NUMBER  LISTED  AT  THE 
END  OF  THE  ARTICLE 
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Research  Technology 

Agricultural  Research  Service 

9     U.S.  Department  of  Agriculture 


Flash  Drying  Saves  Seeds 


Seeds  from  most  major  crops  grown 
in  temperate  areas  contain  right  amount 
of  moisture  to  keep  them  viable  until 
needed  for  the  next  growing  season  but 
not  too  much  to  promote  mold  and  rot. 

Over  the  past  40  years,  scientists 
have  developed  the  best  storage 
techniques  for  these  seeds  so  they  can 
be  kept  not  only  for  the  next  growing 
season,  but  for  many  years. 

"We're  fairly  confident  we  can  store 
seeds  such  as  wheat  in  liquid  nitrogen, 
which  is  minus  322°F,  for  more  than  100 
years,"  says  Christina  W.  Vertucci,  of  the 
Agricultural  Research  Service.  "Unfortu- 
nately, we  have  yet  to  learn  how  to  safely 
preserve  recalcitrant  seeds."  Many 
tropical  plant  species  produce  hard-to- 
store  seeds  that  have  high  moisture  levels 
and  can't  survive  dehydration  like  most 
seeds  from  temperate  areas. 

"Flash  drying  may  solve  the 
problem.  We  cut  out  the  embryonic 
axis,  or  growing  portion  of  the  seed 
and  blow  compressed  air  over  it  to 
remove  a  certain  seed  moisture  up  to 
100  times  faster  than  normal  drying. 
After  30  minutes  of  this  drying,  we 
store  the  embryos  in  i     .-zers  that  are 
minus  1 12  F.  So  far  the  embryos  have 
survived  for  6  months,"  says  Vertucci. 

While  longer  storage  periods  are 
needed  to  ensure  that  the  technique 
actually  works,  she  remains  optimistic 
they  will  succeed. 

Vertucci,  a  plant  physiologist  at  ARS' 
Plant  Germplasm  Research  Unit, 
National  Seed  Storage  Laboratory,  in 
Fort  Collins,  Colorado,  says  that  the 
secret  to  long-term  storage  may  be    , 
getting  rid  of  the  nonvital  water  but 
retaining  the  water  that  is  essential  for  the 
survival  of  the  seed. 

Vertucci  is  working  with  Norman  W. 
Pammenter  and  Patricia  Berjak,  plant 


KEITH  WELLER 


Christina  Vertucci,  a  plant  physiologist  at 
the  National  Seed  Storage  Laboratory  in 
Fort  Collins,  Colorado,  prepares  a 
recalcitrant  seed  for  storage  using  a  new 
flash  drying  technique.  (K-4051-3) 


physiologists  visiting  her  laboratory  from 
the  University  of  Natal,  Durban.  South 
Africa.  They  had  experimented  with  the 
flash  drying  technique  on  recalcitrant 
seeds  of  Laudolphia  kirkii.  A  viny  shrub 
in  its  native  Africa,  L.  kirkii  sets  seeds 
twice  a  year,  making  it  readily  available 
for  research. 

Christina  W.  Vertucci  is  at  USDA- 
ARS  Plant  Germplasm  Research  Unit, 
National  Seed  Storage  Lxiboratory, 
Colorado  State  University  Fort  Collins, 
CO  80523.  Phone  (303)  484-0402.  ♦ 
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Research  Technology 

Agricultural  Research  Service 

U.S.  Department  of  Agriculture 


Test  for  Toxin-Producing  Molds 


Not  every  mold  is  a  dangerous 
microorganism,  though  the  ones  that 
produce  mycotoxins  assuredly  are. 

Kerry  O'Donnell  and  fellow 
microbiologist  Stephen  W.  Peterson  are 
helping  to  keep  our  food  free  of  toxin- 
producing  molds;  the  ARS  scientists 
have  identified  the  DNA  sequences  of 
some  molds  that  commonly  produce 
mycotoxins  in  field  crops. 

"Molds  can  look  very  similar,  even 
under  a  microscope.  But  we  know  that 
each  species  has  unique  DNA  se- 
quences. Through  "fingerprinting" 
these  molecular  codes,  we  can  identify 
specific  molds  and  distinguish  them 
from  one  another,"  says  Peterson. 

Once  their  fingerprints  are  known, 
researchers  can  design  DNA  probes  that 
will  quickly  and  accurately  identify 
molds  that  produce  food  contaminants. 
He  and  O'Donnell  are  currently  develop- 
ing a  field  test  that  can  be  used  by  farmers 
and  agricultural  commodity  graders  in  the 
field  to  detect  Aspergillus  flavus,  the 
mold  that  produces  aflatoxin.  It  is  hoped 
this  test  could  be  ready  for  commercial 
development  in  a  year  or  two. 

One  to  two  percent  of  the  U.S.  com 
crop,  which  is  valued  at  $20  billion 
annually,  is  lost  to  aflatoxin. 

"With  a  DNA  probe,  a  farmer  could 
easily  detect  the  presence  of  fungi  that 
are  likely  to  contaminate  crops  with 
aflatoxin  before  a  large-scale  problem 
occurs,"  Peterson  says. 

Were  a  probe  available,  farmers 
could  decide  to  harvest  earlier  or 
thoroughly  dry  their  com  right  after 
harvest  to  about  12-  to  14-percent 


moisture.  "Such  a  practice  could 
prevent  growth  of  the  fungi." 

Current  ways  of  checking  for 
Aspergillus  flavus  are  culturing  meth- 
ods that  take  up  to  a  week  to  detect  the 
mold.  In  contrast,  a  DNA  probe  could 
identify  fungi  in  less  than  24  hours. 
"This  method  is  so  sensitive,  it  can 
detect  as  few  as  one  to  three  cells  of  the 
fungus,"  says  Peterson. 

Probes  can  also  be  designed  for  other 
fungi.  "Most  foods  and  feeds  are 
susceptible  to  invasion  by  molds  during 
some  stage  of  production,  processing, 
transportation,  or  storage,"  says  Peterson. 
And  some  are  even  part  of  the  curing  (or 
aging)  process.  One  such  mold,  Penicil- 
lium  verrucosum,  is  used  in  some 
European  cured  sausages. 

"It's  a  good  fungus  that  helps  flavor 
the  meat.  But  it  looks  just  like  Penicil- 
liurn  veridicatum — a  bad  one  that  makes 
a  toxic  substance  called  ochratoxin  A, 
associated  with  kidney  disease,"  says 
Peterson.  Another  lookalike  mold  is 
Penicillium  chrysogenum.  which  pro- 
duces penicillin. 

While  these  Penicillia  molds  look 
similar,  the  chemical  compounds  that 
make  up  their  DNA  are  quite  different. 
We  can  sequence  them  like  letters  in  the 
alphabet  to  reveal  their  differences. 

Stephen  W.  Peterson  and  Kerry 
O  'Donnell  are  in  Microbial  Properties 
Research  at  the  ARS-USDA.  National 
Center  for  Agricultural  Utilization 
Research.  1815  North  University  St., 
Peoria.  IL  61604.   Phone  (309)  685- 
4011.    ♦ 
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0834  Toroidal  Computer  Memory  Developed 

0835  Interface  Circuit  for  Printer  Port — An  interface  converts  the  signals  at  a 
standard  printer  port  to  those  of  a  general-purpose  bus.  (Licensing 
Opportunity) 


Software 

0836    Displaying  Images  of  Planets— Magnifications,  contrasts,  and/or 
subsampling  can  be  selected  for  whole  or  partial  images. 
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0848    Optical  Corelator  Recognizes  Images  at  Tera-Op  Speeds 
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Toroidal  Computer  Memory  Developed 


Conventional  computer 
memory  is  structurally  linear,  and 
its  access  can  only  occur  in  a  linear 
manner.  The  Naval  Surface 
Warfare  Center  (NAVSWC), 
Dahlgren,  Virginia,  has  developed 
toroidal  computer  memory  that 
can  provide  a  storage/retrieval 
media  that  can  efficiently  service 
associated  computational  pro- 
cesses with  memory  paths  of  data 
that  can  be  obtained  in  a  single 
access,  or  fewer  accesses,  than  are 
required  via  conventional 
computer  memory. 

Toroidal  memory  can  also  be 
used  in  general  processing, 
subword-level  processing,  bit-level 
processing,     and     processing 


requiring  special  data  orderings 
that  can  be  retrieved  in  a  single 
access.  Although  high  technology, 
specialized  devices  may  be  used  to 
construct  these  systems,  they  may 
be  inexpensively  fabricated  from 
off-the-shelf  Random  Access 
Memory  (RAM)  devices  and 
moderate-to-low  technology 
fabrication  techniques. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)663-8921 

Refer  to  160204/TN 
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National  Aeronautics  and 
Space  Administration 
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Interface  Circuit  for  Printer  Port 

An  interface  converts  the  signals  at  a  standard  printer  port  to  those  of  a  general-purpose  bus. 


An  electronic  circuit,  called  the  printer- 
port  interface  circuit  (PPI)  has  been 
developed  to  overcome  certain  disadvan- 
tages of  previous  methods  for  connecting 
the  IBM  PC  or  PC-compatible  computer  to 
other  equipment.  When  used  with  appro- 
priate software,  the  circuit  converts  the 
printer  port  on  an  IBM  PC,  XT,  AT,  or  com- 
patible personal  computer  to  a  general 
purpose,  8-bit-data,  16-bit  address  bus  that 
can  be  connected  to  a  multitude  of  de- 
vices. 

The  previous  methods  of  connection  in- 
cluded direct  connection  to  the  internal 
bus  of  the  PC,  use  of  an  RS232  serial  or 
other  standard  interface  circuit,  and  modi- 
fication of  the  printer  port  to  provide  the 
capability  for  bidirectional  transmission  of 
8-bit  data.  Each  of  the  these  methods  of 
connection  has  disadvantages.  For  exam- 
ple, a  direct  connection  to  the  internal  bus 
requires  a  special  circuit  card  that  occu- 
pies a  card  slot  in  the  PC.  With  an  RS232 
serial  interface,  the  rate  of  transfer  of  data 
is  slow.  Other  methods  are  specialized, 


complex,  and  require  additional  cards  or 
modification  of  equipment. 

Because  the  printer  port  on  the  IBM  PC 
was  designed  especially  for  the  transmis- 
sion of  data  to  a  printer,  the  PPI  must  be 
able  to  hold  an  address  as  well  as  to  pro- 
vide for  the  flow  of  data  in  both  directions. 
To  transmit  to  the  external  device,  the  PC 
printer  port  sends  the  address,  data,  and 
control  values  to  the  PPI  one  byte  at  a  time. 
As  the  PPI  receives  this  information,  the 
PPI  latches  it  on  the  proper  output  lines. 
Once  the  address  and  data  are  latched, 
the  external  device  is  signaled  to  accept 
the  values.  Before  the  PC  reads  from  the 
external  device,  it  first  sends  the  address 
and  control  signals  to  the  PPI.  The  external 
device  then  responds  with  eight  bits  of  data 
on  the  input  lines.  Since  the  printer  port  has 
only  five  inputs,  the  PPI  transfers  the  eight 
bits  of  data  to  the  PC  four  bits  at  a  time. 

The  PPI  has  both  reading  and  writing 
modes  of  operation.  The  PPI  is  very  simple, 
requiring  only  six  integrated  circuits.  It  pro- 
vides for  moderately  fast  rates  of  transfer 


of  data  and  uses  an  existing  unmodified  cir- 
cuit card  in  the  IBM  PC.  The  output  of  the 
PPI  has  the  characteristics  of  a  conven- 
tional bus,  with  address,  data,  and  control 
signals.  This  "bus"  can  be  easily  con- 
nected to  most  peripheral  integrated  cir- 
cuits. 

This  work  was  done  by  Jerry  H.  Tucker 
and  Ann  B.  Yadlowsky  of  Langley 
Research  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  fiied. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  Langley  Research  Center 
Refer  to  NPO-13950/TN. 

Langley  Research  Ctr.  , 

Technology  Utilization 

Officer  John  Samos  '     j'    '■>'   '!,'■. 

Mail  stop  139A  .  .  ,.  ■         ,. 

Hampton,  VA  23665  '         "  ''- 

Patent  Counsel 

George  F.  Helfrich 

Mail  Code  279 

Hampton,  VA  23665 

(804)  864-3523 
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BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 
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Displaying  images 
of  Pianets 

Magnifications,  contrasts, 
and/or  subsampling 
can  be  selected  for 
winole  or  partial  images. 

The  Interactive  Image  Display  Program 
(IMDISP)  is  an  interactive  image-displaying 
utility  program  for  the  IBM  personal  com- 
puter (PC,  XT,  and  AT  models)  and  com- 
patibles. Until  recently  efforts  to  utilize 
small  computer  systems  for  display  and 
analysis  of  scientific  data  have  been  ham- 
pered by  the  lack  of  sufficient  data-storage 
capacity  to  accommodate  large  arrays  of 
image  data.  Most  images  of  planets,  for 
example,  require  nearly  a  megabyte  of 
storage  per  image.  The  recent  develop- 
ment of  the  "CD-ROM"  (Compact  Disk 
Read-Only  Memory)  storage  technology 
makes  possible  the  storage  of  up  to  680 
megabytes  of  data  on  a  single  4.72-in. 
(12.0-cm)  disk. 

IMDISP  was  developed  for  use  with  the 
CD-ROM  storage  system  that  is  being 
evaluated  by  the  Planetary  Data  System. 
The  latest  disks  to  be  produced  by  the 
Planetary  Data  System  are  a  set  of  8  disks 
containing  16,000  images  of  Jupiter,  Sa- 
turn, and  Uranus  acquired  by  the  Voyager 
spacecraft.  The  images  are  in  both  com- 
pressed and  uncompressed  formats.  IM- 
DISP can  read  the  uncompressed  images 
directly  but  special  software  is  provided 
to  decompress  the  compressed  images, 
which  cannot  be  processed  directly  IM- 
DISP can  also  display  images  stored  on 
floppy  or  hard  disks. 

A  digital  image  is  a  picture  converted 
to  numerical  form  so  that  it  can  be  stored 
and  used  in  a  computer  The  image  is  di- 
vided into  a  matrix  of  small  regions  called 


picture  elements,  or  pixels.  The  rows  and 
columns  of  pixels  are  called  "lines"  and 
"samples,"  respectively  Each  pixel  has  a 
numerical  value,  or  DN  (data  number)  value, 
that  quantifies  the  darkness  or  brightness 
of  the  image  at  that  spot.  In  total,  each  pix- 
el has  an  address  (line  number,  sample 
number)  and  a  DN  value,  which  3re  ail  that 
the  computer  needs  for  processing. 

DISPLAY  commands  enable  the  IMDISP 
user  to  display  all  or  part  of  an  image  at 
various  positions  on  the  display  screen. 
The  user  can  also  zoom  in  and  out  from 
a  point  on  the  image  defined  by  the  cur- 
sor and  can  pan  around  the  image.  To  en- 
able more  or  all  of  the  original  image  to 
be  displayed  on  the  screen  at  once,  the 
image  can  be  "subsampled."  For  exam- 
ple, if  the  image  were  subsampled  by  a 
factor  of  2,  every  other  pixel  from  every 
other  line  would  be  displayed,  starting  from 
the  upper  left  corner  of  the  image.  Any 
positive  integer  can  be  used  for  subsam- 
pling. 

The  user  can  produce,  from  an  image 
file,  a  histogram  that  shows  the  number 
of  pixels  per  DN  value,  or  per  range  of  DN 
values,  for  the  entire  image.  IMDISP  can 
also  plot  the  DN  value  versus  the  number 
of  pixels  along  a  line  between  two  points 
on  the  image.  The  user  can  "stretch"  or 
increase  the  contrast  of  an  image  by 
specifying  low  and  high  DN  values;  all  pix- 
els that  have  DN  values  lower  than  the 
specified  "low"  then  become  black,  and 
all  pixels  that  have  DN  values  higher  than 


the  specified  "high"  value  become  white. 
Pixels  between  the  low  and  high  values 
are  evenly  shaded  between  black  and 
white. 

IMDISP  is  written  in  a  modular  form  to 
make  it  easy  to  change  it  to  work  with  dif- 
ferent display  devices  or  on  other  com- 
puters. The  code  can  also  be  adapted  for 
use  in  other  application  programs.  There 
are  device-dependent  image-display 
modules,  general  image-display  subrou- 
tines, image  input/output  routines,  and 
image-label  and  command-line-parsing 
routines. 

The  IMDISP  software  system  is  written 
in  C  language  (94  percent)  and  Assembler 
(6  percent).  It  was  implemented  on  an  IBM 
PC  with  the  MS  DOS  3.21  operating  sys- 
tem. IMDISP  has  a  memory  requirement 
of  about  142K  bytes.  The  program  was  de- 
veloped in  1989  and  is  copyrighted.  Addi- 
tional images  of  planets  can  be  obtained 
from  the  National  Space  Science  Data 
Center  at  (301)  286-6695. 

This  program  was  written  by  Miciiaei 
D.  Martin,  Franl<  Evans,  and  Daniel  I 
Nal<amura  of  Caitecii  for  NASA's  Jet  Pro- 
pulsion Laboratory.  NPO-17977/TN 
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(404)  542-3265 


836 


I  .....  'II. 


:i  -..•-■\ :-  •■■■). 


n 


■■I'''.-     c  !■■ 


'<nn.^ 


■..:  './' '-:,:'' 


■■-'<■':  ^■';rr-;.;s 


'■■  ■  •  ''-'■   "'   ■'•■'■-■  ■  1 


.);;:5r 


■".■Ui:-.";! 


■  I 


.i\. '/] .'?,-.  ♦;  :.\n\  .„,.  rtioi  Ifiniiocriijn  oi 


Electrotechnology 


0837  Multilevel  Noise  Code  Mate  Pair  Generation  and  Utilization  of  Such 
Codes  (Licensing  Opportunity) 

0838  System  for  Aligning  Whip  Antenna  Matching  Base  Units  (Licensing 
Opportunity) 

0839  Fin-Line  Horn  Antenna  Designed 

0840  Megawatt  Square  Microwave  Feed  Horn— Experiments  verify  computed 
radiation  patterns. 

0841  Digital  Signal  Combiner  for  Receiving-Antenna  Feed  Array — Signals 
would  be  combined  with  estimated  weights. 

0842  Performance  of  Superconducting-Cavity  Maser — Stability  of  frequency  is 
high,  and  phase  noise  is  low. 

0843  Transmitting  Reference  Radio  Signals  on  Two  Optical  Carriers — 
Corrections  for  delay  and  for  changes  in  delay  would  be  made  at  the 
receiver. 


Testing  &  Instrumentation 

0844    Cross-Quit-Bridge  Resistor — Measurements  of  resistance  yield  data  on 
widths  of  lines. 


Other  Items  of  Interest 

0835     Interface  Circuit  for  Printer  Port — An  interface  converts  the  signals  at  a 
standard  printer  port  to  those  of  a  general-purpose  bus.  (Licensing 
Opportunity) 


• 


Licensing 

U.S.  Army  Fact  Sheet  opportunity 

Army  Communications-Electronics  Command 

Multilevel  Noise  Code  Mate  Pair  Generation  and 
Utilization  of  Such  Codes 


It  is  the  object  of  this  invention  to  provide  a  spread  Bpectru.m 

tEic.t    noise  codt?  class  that  compresses  to  a  lobeless  impulse  (When 
matched  filtet^  detected)  ,  that  can  be  easily  implemented  at  low  cost 
and  whose  quantity  is  inexhaustible  -For  practical  1 1  me-bandwi  dth 
products  or  code  length  "n".   Multiplened  noise  codes  as  a  class  has 
f  ■B.r    r  e a c h  i  n g  i  rn p  1  i  c  a t  i  o n -s  and  v a  1  i_.i e    f  o r    n u m e r  o u s  pi r  a c  t  i  c  a  1 
applications.   Systems  using  these  codes  3.rB    extremely  resistant,  to 
i  n t er  c ep t  i  on  an d  i  n t  er  f  er  en c e  ,  op er ate  with  no  se  1  -F - i  n t er  t  er  en c e  , 
e?liminate  the  near/far  ratio  problem,  operate  with  optimum 
resolution  tO!--  range  and  velocity,  can  readily  employ  optimum  RAK 
diversity  to  counter  multipath  returns,  provides  reliable 
transmission  and  have  an  inexhaustible  supply  o-f  orthogonal  noi 
code  sets  to  choose  from. 

STATE  OF  DEVELOPMENT 


o 


-  '  -■'  c 


The  iTiethod  has  been  theoretically  verified  and  demonstrated  by 
1 aborator y  ex  per i ment  = 

APPLICATIONS 

Potential  users  E^rs    for  imiproved  telecommunications,  local  arsa. 
networks,  personal  communication  networks,  nriobile  and  m.ultiple 
access  systemis,  i  nter-communi  cat  i  on  systems,  secure  transmd  ssi  on  , 
switching  systems,  radar,  air  traffic  control,  navigation  systems- 
electron  microscopes,  remiote  control  systems  and  personal  burglar 
alarm  systems. 

PATENT  STATUS 

U.S.  Patent  Number  4,599,733 

FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703;  Telephone  (908)544-31 19.  Refer 
to  application  assessment  number  012. 
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Army  Communications-Electronics  Command 

System  for  Aligning  Whip  Antenna  l\/latching  Base 
Units 


( 


rcLUt  ana  metnaa 


au  J  :.is>T_  J.  nq  ann  aligning  the  wtiip  antenna  matching  bass 

;s  the  matching  base  Linit  and  the  input  impedance  dt 
F""urther  5  it  includes  the  steps  of  aligning  the 

in    3.crorda.nc&    with  a  standard  matching 

M^ective  shunt  reactances  of  the  cavity  ar&    aligned  with 
?  Di-~eset  reactances  o-f  the  standard  matchinci  base  unit  and 


.  c:\  L  1 


each    -frequency    rAngs    when    such    alignment    DCCLirs  = 
H- f- H -i  r- -i    Kr:.(--i    Unit    models    are    then    substituted    -tor     the 
:rete    shunt    reactances    of     the    oroduction 


,-!      ■[■■  fn  :",      H  ■ 


t  ting    IS    1 n  G 1 c  at  ed    i 


3  r  d  a  n  c  e 


revinLisly  aligned  cavity  shunt  reactances  for  each 
recuency  ""ange^ 


i  a  b  o  r  a  t  Cj  r' 


.  e  d  and  e  v  a  1  u  a  t  e?  d  f  o  r  u  s  e  b  y  t  hi  e 


♦ 


a!::fl::ICAj:.l,ON|S 

The  invention  can  be  applied  to  all  vehicular  antennas  used  with 
ground  tactical  VHF-FM  radio  communication  systems^   In  particular 
systsims  that  3.rs    usGfd  for  civil  police  applications  emiploying 
V e i-i i  c L;  1  a i--  e q u i  p m e? n t  'w o u  1  d  benefit  from  the  addition  of  the  me t h o d 
d e V e  1  (:::■  p m e ri t.  h e r  e i  r'l . 


'ATENT  STA^"i.JS 


;=  Patent  Number  4,132,945 


FOR  ADDITIONAL  INFORMATION:  Charles  Grzenda,  Chief,  Office  of  Research  and  Technology  Applications, 
Center  for  C3  Systems,  ATTN:  AMSEL-RD-C3-SD,  Fort  Monmouth,  NJ  07703;  Telephone  (908)544-3119.  Refer 
to  application  assessment  number  014. 


838 


N 


AVY 

Domestic  Technology  Transfer  Fact  Sheet 


Fin-Line  IHorn  Antenna  Designed 


Figure  3.  Fin-line  horn  antenna 


The  Naval  Ocean  Systems 
Center  (NOSC),  San  Diego, 
California,  has  designed  an 
antenna  that  comprises  a 
waveguide/antenna  assembly 
(Figure  3)  that  achieves  a  nearly 
constant  90-degree  beamwidth  in 
the  frequency  range  of  the  normal 
waveguide  band.  The  antenna 
consists  of  a  printed  circuit 
inserted  into  an  open-ended 
waveguide.  The  printed  circuit 
contains  a  fin  line  that  extends  a 
quarter  wavelength  beyond  the 
waveguide  aperture  and  feeds  a 
pair  of  dipole-like  elements.  The 
dipole  antenna  thus  maintains  a 


wide  and  nearly  constant 
beamwidth,  low  voltage  standing 
wave  ratio  (VSWR),  and  a  circular 
symmetric  radiation  pattern  for 
use  in  electronic  warfare  direction 
finding  and  surveillance 
applications. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160205/TN 
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National  Aeronautics  and 
Space  Administration 

NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Megawatt  Square  Microwave  Feed  Horn 

Experiments  verify  computed  radiation  patterns. 


A  prototype  multiflare  square  horn  antenna  is  designed  to 
combine  the  phased  8.51  -GHz  outputs  of  four  250-kW  ampli- 
fiers into  a  single  1-MW  continuous-wave  beam.  This  feed 


horn  is  intended  to  illuminate  the  subreflector  of  a  70-m- 
diameter  radar  antenna.  Tests  at  low  power  confirm  that,  as 
expected  from  the  design  computations,  it  nearly  duplicates 
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Figure  1.  The  Prototype  Multiflare  Square  Feed  Horn  combines  the  outputs  of  four  amplifiers  Into  one  beam,  which  radiates  from 
the  large  aperture.  In  the  production  version,  which  will  handle  1  MW,  the  walls  will  contain  passages  for  cooling  water. 

the  radiation  pattern  of  a  corrugated 
round  feed  horn  now  in  use.  (The  round 
feed  horn  must  be  replaced  because  it  is 
coupled  to  a  waveguide  that  cannot  reli- 
ably handle  power  in  excess  of  400  kW.) 

The  feed  horn  includes  a  power  com- 
biner section  and  a  flare  section  (see  Fig- 
ure 1).  The  power  from  the  four  amplifiers 
is  fed  in  through  four  input  waveguides 
0.95  in.  (24.1  mm)  square,  which  allow 
electromagnetic  energy  to  propagate  on- 
ly in  the  two  orthogonally  polarized  TE^q 
modes  at  the  design  frequency  of  8.51 
GHz.  By  appropriately  selecting  the  rela- 
tive phases  of  the  signals  from  the  four 
amplifiers,  one  can  cause  the  combined- 
power  beam  to  have  either  of  the  two 
linear  polarizations  or  either  of  the  two  cir- 
cular polarizations. 

The  four  input  waveguides  merge  into 
an  output  waveguide  2.06  in.  (52.3  mm) 
square,  which  is  about  1  percent  below  the 
cutoff  size  for  the  TEgQ  and  TEgg  modes, 
which  are  strongly  excited  at  the  junction. 
The  2.06-in.-3quare  section  is  extended  to 
a  length  of  6  in.  (152  mm)  to  cause  the 
TE3Q  and  TEq3  modes  to  decay  at  least  30 
dB  before  they  reach  the  beginning  of  the 
first  flare. 

The  radiation  pattern  of  the  new  feed 
horn  is  required  to  have  minimal  spillover 
loss  (minimal  side  lobes)  and  to  have  a 
main  lobe  as  much  as  possible  like  that 
of  the  present  corrugated  circular  feed  "  '"     Distance  Along  Bare  socL  From 

Combiner/Flare  Junction,  In. 

Figure  2.  A  Main  Lobe  Lilce  That  of  the  Corrugated  Horn  and  side  lobes  reasonably  be- 
low the  main  lobe  are  obtained  by  choosing  the  tapers  of  the  multiflare  horn  to  couple 
power  from  the  TE^q  mode  Into  three  other  modes. 
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horn  (see  Figure  2).  The  main  lobe  must  ling  some  of  the  power  from  the  TE^q  mode  This  work  was  done  by  Daniel  J.  Hop-     ^ 

illuminate  the  subref lector,  which  subtends  to  the  TE30,  TE^g'  ^'^'^  '^^^2  n^odes.  In  the        perofCaltech  for  NASA's  Jet  Propulsion 

the  solid  angle  within  a  16°  half  cone  angle  design  of  the  feed  horn,  the  amount  and         Laboratory.  NPO-18025/TN 

of  the  main  antenna  axis.  The  desired  ra-  location  of  each  taper  in  the  flare  section 

diation  pattern  can  be  obtained  by  coup-  are  chosen  to  yield  this  coupling. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Teciinology  Transfer  Division,  PO.  Box  8757, 
BWI  Airport,  t^D  21240;  (301)  621-0100  Ext.  241 
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Digital  Signal  Combiner  for  Receiving-Antenna  Feed  Array 


Signals  would  be  combined  with  estimated  weights. 


A  proposed  digital  systenn  combines 
digitized  baseband  samples  of  signals 
received  by  an  array  of  feeds  in  a  large 
Cassegrainian  paraboloidal-dish  antenna. 
The  system  is  intended  to  compensate  in 
real  time  for  degradation  of  the  signal-to- 
noise  ratio  by  vibrational,  gravitational,  and 
wind-induced  deformations  of  the  anten- 
na structure.  The  signal-combining  proc- 
ess makes  use  of  parameters  obtained 
from  the  received  signals  themselves. 

The  array  of  feeds  is  located  in  the  focal 
plane  of  the  antenna;  each  feed  samples 
a  portion  of  the  distorted  signal  field  (see 
Figure  1).  A  separate  receiver  front  end 
dedicated  to  each  feed  amplifies  and  dov\/n- 
converts  the  signal  received  by  that  anten- 
na to  an  intermediate  frequency  (e.g., 
10  MHz).  The  intermediate-frequency  sig- 
nal is  digitized  to  8  bits  and  sampled  (typi- 
cally, at  a  rate  of  4  samples  per  interme- 
diate-frequency cycle). 

The  proposed  system  is  intended  for 
use  with  an  incoming  signal  that  contains 
a  residual  carrier  The  overall  receiving  sys- 
tem would  lock  in  phase  to  the  residual 
carrier  and  thereby  generate  an  in-phase 
and  a  quadrature  reference  signal,  which 
would  be  fed  to  all  channels.  Within  each 
receiver  front  end,  the  digitized  signal  sam- 
ples would  be  mixed  with  the  reference 
signals  and  low-pass-filtered  to  remove 
higher-order  mixer  products.  Further  low- 
pass  and  narrow-band  filtering  separates 
these  baseband  outputs  into  slowly  vary- 
ing (nominally,  dc)  carrier-phase  com- 
ponents and  rapidly  varying  modulation 
components. 

The  signal-combining  system  consists  of 
two  main  parts:  the  combiner  subsystem 
and  the  parameter  estimator  (see  Figure 
2).  The  full  baseband  outputs  of  the  re- 
ceiver front  ends  are  sent  to  the  combiner 
subsystem,  which  multiplies  them  by  com- 
plex-number optimum  estimated  weights 
and  sums  them  to  produce  the  combined 
output.  The  slowly  varying  carrier-phase 
components  of  the  outputs  of  the  receiver 
front  ends  are  fed  to  the  parameter  esti- 
mator, which  computes  the  optimum 
weights  via  an  algorithm  based  on  max- 
imum-likelihood estimates  of  the  underly- 
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Figure  1-  Signals  Re- 
ceived by  Subanten- 
nas in  the  focal-plane 
array  of  a  large  dish  an- 
tenna would  be  com- 
bined by  a  system  that 
would  compensate  in 
real  time  for  distortions 
of  wave  fronts  caused 
by  mechanical  distor- 
tions of  the  antenna- 
Figure  2.  The  Signal- 
Combining  System 
would  combine  the 
baseband  output  signals 
ofthereceiverfrontends 
according  to  complex 
weighting  parameters 
estimated  from  the  sig- 
nals themselves. 


ing  signals  and  noise.  In  this  way,  the  sig- 
nal-to-noise ratio  of  the  combined  samples 
is  maximized. 


This  work  was  done  by  Victor  A.  Vilnrot- 
ter  and  Eugene  R.  Rodemicli  of  Caltecii 
for  NASA's  Jet  Propulsion  Laboratory. 
NPO-18140/TN 
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Performance  of 
Superconducting- 
Cavity  IVIaser 

Stability  of  frequency  is 
liigli,  and  pinase  noise  is  low. 

A  two-page  report  describes  experi- 
ments on  the  operation  of  a  superconduct- 
ing-cavity nnaser  —  an  all-cryogenic  oscil- 
lator. Like  other  oscillators  stabilized  by 
superconducting  cavities,  this  one  oper- 
ates with  a  degree  of  stability  at  short 
measuring  times,  superior  to  that  achiev- 
able by  any  other  means.  The  principal  dif- 
ferences between  this  oscillator  and  the 
others  of  this  type  are  that  all  of  its  com- 
ponents are  designed  for  cryogenic  opera- 
tion and  the  stabilizing  cavity  is  very  rigid, 
consisting  of  a  sapphire  filling  coated  with 
lead.  The  cavity  has  a  0  (ratio  of  electro- 
magnetic energy  stored  to  electromag- 
netic energy  dissipated  in  one  cycle,  a 
measure  of  the  sharpness  of  resonance) 
of  about  10^. 

The  oscillator  assembly  has  been  de- 
scribed in  previous  reports.  It  includes  the 
stabilizing  cavity  a  coupling  cavity  and  an 
ultra-low-noise  cryogenic  ruby  maser, 
which  supplies  the  excitation.  The  ruby 


maser  operates  at  a  frequency  of  13.1 
GHz,  creating  an  energy-level-population 
inversion  that  supports  oscillation  at  2.69 
GHz.  Splits  of  the  energy  levels  are  matched 
to  changes  in  the  resonant  frequency  of 
the  stabilizing  cavity  by  means  of  a  bias 
magnetic  field  from  a  superconducting 
solenoid.  The  frequencies  of  the  three 
modes  of  the  coupled-cavity  system  are 
within  about  5  percent  of  each  other  — 
close  enough  for  effective  coupling,  but  far 
enough  apart  to  enable  the  selection  of 
a  mode  by  adjustment  of  the  bias  field. 
A  continuous-flow  liquid-helium  cryo- 
stat  keeps  the  oscillator  at  a  nearly  con- 
stant low  temperature.  The  frequency  of 
oscillation  varies  with  temperature  and  is 
maximum  at  about  1.57  K.  Consequently 
the  oscillator  can  be  operated  at  or  near 
this  temperature  to  obtain  zero  linear  co- 
efficient of  variation  of  frequency  with 
temperature.  The  measurements  were 
performed  at  1.58  K  regulated  to  within 


±40  ^K. 

The  performance  of  the  oscillator  was 
measured  during  times  ranging  from  1  to 
10^  s.  The  frequency  was  found  to  be 
stable  to  within  a  few  parts  in  10''^.  The 
stability  during  a  measuring  time  of  1  s 
was  found  to  be  10  times  as  great  as  that 
of  a  hydrogen  maser.  The  phase  noise  was 
found  to  be  about  -80  dBJf^,  where  f 
denotes  the  deviation,  in  hertz,  from  the 
carrier  frequency  This  level  is  more  than 
20  dB  below  the  phase  noise  of  the  best 
signals  of  comparable  frequency  derived 
from  multiplication  of  the  frequencies  of 
quartz  oscillators. 

This  work  was  done  by  G.  John  Dick 
and  Rabi  T.  Wang  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory.  To  obtain  a 
copy  of  the  report,  "Ultra-Stable  Perfor- 
mance of  the  Superconducting  Cavity 
Maser,"  NPO-18175/TN 
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Transmitting  Reference  Radio  Signals  on  Two  Optical  Carriers 

Corrections  for  delay  and  for  changes  in  delay  would  be  made  at  the  receiver. 


A  reference  radio  signal  would  be  trans- 
mitted as  nnodulation  on  two  optical  car- 
rier signals  of  different  wavelengths,  ac- 
cording to  a  proposal.  The  reference  signal 
could  be,  for  exannple,  a  frequency-stand- 
ard signal  for  use  in  radio-science  experi- 
ments, and  the  transmission  medium 
would  typically  be  air  or  an  optical  fiber 
that  connects  the  reference-signal-gener- 
ating station  with  a  receiving  station. 

The  proposed  two-carrier  transmission 
scheme  would  enable  the  receiving  sta- 
tion to  compensate  for  the  propagation 
delay  and  for  changes  in  the  propagation 
delay  (caused,  for  example,  by  fluctuations 
in  temperature)  in  the  transmission  me- 
dium. Thus,  a  "cleaned-up"  phase-  and  fre- 
quency-stabilized signal  that  represents 
the  reference  frequency  and  phase  more 
accurately  would  be  made  available  at  the 
receiver.  It  is  noteworthy  that  the  proposed 
scheme  would  require  only  one-way  trans- 
mission, v\/hereas  prior  stabilization  schemes 
have  involved  two-way  transmission.  The 
proposed  scheme  is,  therefore,  simpler  in 
principle  and  is  expected  to  be  more  en- 
ergy- and  cost-efficient.  It  should  also  en- 
able the  use  of  longer  transmission  paths. 

The  reference  radio  signal  would  be 
used  to  modulate  the  two  optical  carriers, 
which  would  be  transmitted  along  the 
same  optical  fiber  or  path  in  free  space 
(see  figure).  At  the  receiver,  a  dichroic 
beam  splitter  would  separate  the  light  in- 
to its  two  wavelength  components.  A  pho- 
todetector  would  demodulate  each  com- 
ponent, producing  two  versions  of  the 
radio-frequency  modulation  corrupted  by 
propagation  along  the  optical-fiber  or  free- 
space  transmission  path. 

The  difference  between  the  times  of  ar- 
rival of  the  radio-frequency  modulation  on 
the  two  optical  carrier  signals  would  de- 
pend on  the  optical-dispersion  character- 
istics of  the  transmission  medium  and 
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The  Radio-Frequency  Reference  Signal  would  be  use(d  to  mo(dulate  two  optical  carriers  at  the 
transmitter.  Dispersion  in  the  optical-fiber  or  free-space  transmission  me(dium,  usually  regarded 
as  a  nuisance,  would  be  used  to  advantage  in  the  receiver  to  measure  and  compensate  for  phase 
and  frequency  fluctuations  induced  by  fluctuations  in  propagation  conditions. 


would  be  proportional  to  the  length  of  the 
path.  This  difference  would  manifest  itself 
as  a  difference  between  the  phases  of  the 
two  detected  modulation  signals  and 
could,  therefore,  be  measured  by  compar- 
ing the  signals  in  a  mixer.  The  output  of 
the  mixer  would  be  used  to  control  a  phase 
shifter  in  the  path  of  one  of  the  detected 
modulation  signals.  The  phase  shifter 
would  thus  compensate  for  the  propaga- 
tion-induced phase  and  frequency  fluctua- 
tions, yielding  the  desired  phase-  and  fre- 
quency-stabilized output  signal. 

This  work  was  done  by  Lutfollah  Maleki 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 


Patent  Counsel,  NASA  Resident  Office- 
JPL.  Refer  to  NPO-18007/TN. 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oal<  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Pafen(  Counsel 
Paul  F.  l\/lcCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  tor  JPL  Norman 
L  Chalfin 
Mail  stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 
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Cross-Quint-Bridge  Resistor 

Measurements  of  resistance  yield  data  on  widths  of  lines. 


An  integrated-circuit  conductive  test 
pattern  is  intended  to  provide  data  on  the 
effects  of  design  widths  and  design  spac- 
ings  upon  the  actual  (as  fabricated)  widths 
of  conductive  lines.  (The  design  and  ac- 
tual widths  can  be  different.)  The  pattern 
provides  for  electrical  measurements  both 
on  the  lines  of  unknown  width  and  on 
features  that  have  known  dimensions. 
Then,  from  the  known  relationship  be- 
tween the  dimensions  and  the  electrical 
resistance  of  a  line  conductor,  one  com- 
putes the  unknown  widths. 

The  pattern  (see  figure),  called  a  Cross- 
Quint-Bridge  Resistor,  includes  five  con- 
ductive line  segments  to  be  tested,  con- 
nected as  five  bridge  resistors  in  a  row. 
Two  Van  der-Pauw  crosses  are  connected 
at  the  ends  of  the  row.  One  of  the  bridge 
resistors  is  a  solitary  conductive  line,  while 
alongside  each  of  the  other  four  bridge 
resistors  is  another  conductive  line,  nomi- 
nally of  the  same  width  and  electrically 
isolated.  To  test  the  effects  of  design  width 
and/or  spacing,  the  bridge  resistors  can 
have  equal  or  different  design  widths,  and 
the  distances  to  the  isolated  side  lines  can 
be  equal  or  different. 

Each  Van  der-Pauw  cross  provides  for 
measurement  of  the  sheet  resistance, 
which  is  used  along  with  the  measured 
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Five  Bridges  and  two  Van  der-Pauw  Crosses  provide  for  electrical  measurements  from 
which  one  can  compute  the  widths  of  the  bridge  resistors  as  a  function  of  their  de- 
sign widths  and  their  spacing  from  adjacent  parallel  bridges. 


lengths  and  resistances  of  the  bridge  resis- 
tors to  compute  the  widths  of  the  lines.  By 
placing  Van  der-Pauw  crosses  at  both 
ends,  one  can  obtain  two  values  of  the 
sheet  resistance,  which  should  be  equal 
but  which,  if  not  equal,  can  be  used  to  ac- 
count for  some  of  the  spatial  variation  in 
the  sheet  resistances  of  the  bridge 
resistors. 

The  data  from  the  measurements  on 
the  five  bridges  can  be  used  to  determine 
the  four  parameters  of  a  mathematical 
model  that  describes  the  system.  In  prin- 
ciple one  can  use  this  pattern  to  determine 
the  effects  of  width  and  spacing  and  the 


interaction  between  them.  The  pattern  is 
being  fabricated  by  the  Semiconductor 
Equipment  and  fwlaterials  International 
standards  organization  for  consideration 
as  the  standard  pattern  for  electrical  meas- 
urement of  the  widths  of  lines  as  narrow 
as  1  nm. 

This  work  was  done  by  David  J.  Han- 
naman,  Udo  Lieneweg,  and  l\/lartin  G. 
Buehler  of  Caltech  and  Linda  Mantalas 
of  Prometrix  Corp.  for  NASA's  Jet  Pro- 
pulsion Laboratory. 
NPO-18106/TN 
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Technology  Application 


Sandia  National  Laboratory 

Solar  Electric  Power  Plants  Ready  for 
Commercialization 

Sandia  National  Laboratories  solar  engineers  have  launched  a  campaign  in  the  Sunbelt  states  to  promote  the  next 
generation  of  solar  electric  power  plants. 

The  engineers  are  promoting  central  receiver  power  plant  technology  to  utiUties,  regulatory  agencies,  and  environmental 
groups  with  the  hope  of  interesting  a  utility  or  consortium  of  companies  in  building  a  molten  salt  central  receiver  power 
plant  capable  of  producing  100  megawatts  or  more  of  electricity.  This  plant  would  be  the  first  utility-scale  facility  of  its 
kind  in  the  country. 

Earlier  plants  -  such  as  Solar  One  in  the  Mojave  Desert  near  Barstow,  California  -  used  steam  rather  than  salt  to  transfer 
heat  in  the  system,  imposing  limitations  in  plant  efficiency  and  power  output. 

In  recent  years,  molten  salt  has  emerged  as  an  attractive  alternative  for  heat  transfer  and  energy  storage  because  of  its  lower 
cost,  safety,  and  high  heat-transfer  capabilities.  Recent  experiments  conducted  at  Sandia  -  the  lead  research  and 
development  laboratory  in  the  nation  for  solar  thermal  electric  energy  -  have  proved  the  feasibility  of  such  a  plant  and 
demonstrated  the  reUabihty  of  the  major  components.  Many  of  these  experiments  were  performed  at  the  scale  of  an 
operating  plant. 

"With  increased  interest  in  the  environment  and  advances  in  necessary  systems  and  components,  now  is  an  ideal  time  to 
build  this  type  of  plant,"  says  engineer  Greg  Kolb.  "All  the  building  blocks  have  been  proven." 

Kolb,  Dan  Alpert,  and  Jim  Chavez,  all  of  Sandia's  Energy  Conversion  and  Process  Science  Department,  began  spreading 
this  message  late  last  year.  At  the  least,  they  are  trying  to  ensure  that  utilities  seriously  consider  central  receiver  technology 
in  their  future  plans.  ■         v  :  ,     .  :  j    ,/ 

Central  receiver  power  plants  consist  of  a  field  of  sun-tracking  mirrors,  which  concentrate  sunlight  onto  a  receiver  that 
absorbs  the  energy  and  transfers  it  to  a  heat-transport  fluid.  The  fluid  is  heated  to  more  than  540  degrees  Celsius  (1000 
degrees  Fahrenheit),  and  the  energy  is  used  to  drive  a  turbine  to  produce  electric  power  or  stored  for  later  use. 

Solar  One,  the  world's  first  solar  central  receiver  power  plant,  used  a  receiver  in  which  water  is  boiled  by  concentrated 
sunlight  to  produce  steam.  The  steam  was  passed  directly  to  a  turbine  to  produce  electric  power.  Because  it  is  difficult  to 
store  energy  in  the  form  of  high-pressure  steam,  the  plant  lacked  an  efficient  energy  storage  system,  causing  operational 
problems,  especially  during  partly  cloudy  weather,  and  lowering  electricity  production. 

Using  molten  nitrate  salt  for  heat  transfer  and  energy  storage  eliminates  most  operational  problems  and  improves  plant 

Tests  at  Sandia's  Na- 
tional Solar  Thermal 
Test  Facility  have  proved 
that  a  commercial  utility- 
scale  solar  thermal 
power  plant  using  mol- 
ten salt  for  efficient 
heat  transfer  and  en- 
ergy storage  could  pro- 
duce electricity  at  a 
cost  competitive  with 
coal-fired  plants. 
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efficiency.  Because  the  hot  salt  is  stored  at  atmospheric  pressure,  the  energy  storage  system  design  is  made  simple. 

Other  advantages  of  molten  salt  central  receiver  systems  are  that  they  do  not  produce  hazardous  waste  or  emit  gases  linked 
with  acid  rain  or  global  warming;  would  be  able  to  produce  electricity  cheaper  than  any  other  utility-scale  solar  power 
plant;  help  reduce  dependence  on  foreign  oil;  are  able  to  store  energy  cheaply;  and  can  deUver  electricity  on  demand,  even 
at  night. 

Load  shifting  capability,  or  the  ability  to  deliver  electricity  to  consumers  when  demand  is  highest,  is  one  of  the 
technology's  most  attractive  benefits,  Kolb  says.  Solar  heat  is  collected  and  stored  in  the  system  during  the  day  and  can  be 
tapped  later  in  the  day  or  at  night  when  demand  is  at  its  peak.  Because  of  its  very  efficient  energy  storage  system,  a  molten 
salt  plant  is  also  the  only  solar  technology  that  can  operate  cost-effectively  more  than  60  percent  of  the  year  without  using 
fossil  fuel  as  a  backup.  Solar  technologies  without  cost-effective  energy  storage  typically  operate  about  25  percent  of  the 
year.  ,■,■.,.,.■■  -_  .  ■:  •• 

In  their  presentations,  Sandia  engineers  find  that  they  often  have  to  dispel  misconceptions  that  the  technology  is  unproven 
or  highly  risky.  .  , 

Development  of  molten  salt  systems  began  in  the  late  1970s  and  since  then  more  than  $50  million  has  been  invested  in 
improving  and  testing  every  component,  including  mirrors,  receivers,  transport  systems,  storage  systems  and  steam 
generators.  Late  last  year,  Sandia  completed  experiments  on  the  last  major  building  block  in  the  system  -  a  full-scale  pump 
and  valve  system  for  transporting  the  molten  salt  to  the  receiver  and  steam  generator. 

National  labs,  private  industry,  and  universities  have  worked  together  to  develop  the  components  of  this  solar  technology. 
A  5-megawatt  salt  receiver  was  tested  successfully  in  two  separate  programs  at  the  National  Solar  Thermal  Test  Facility  in 
Albuquerque.  In  the  mid-1980s,  a  10-megawatt  molten  salt  power  plant  operated  for  three  years  in  Themis,  France. 

Sandia  has  an  extensive  data  base  on  the  cost,  performance,  and  reliability  of  all  the  major  subsystems. 

Sandia's  analysis  -  done  in  conjunction  with  numerous  other  laboratories  and  private  companies  -  shows  a  200-megawatt 
power  plant  could  produce  electricity  at  a  cost  competitive  with  power  from  a  fossil  fuel  facihty.  For  example,  the  cost  of 
electricity  from  this  type  of  solar  plant  is  only  one  to  two  cents  per  kilowatt-hour  higher  than  a  coal  plant  of  similar  size, 
and  the  price  is  likely  to  go  down  as  the  technology  is  improved. 

Studies,  such  as  a  recent  one  by  Pace  University  in  New  York,  have  estimated  the  environmental  costs  of  burning  coal  - 
such  as  acid  rain  damage  and  adverse  health  effects  -  to  be  several  cents  per  kilowatt-hour  of  electricity  used.  Several 
states  are  considering  adding  these  costs  to  the  price  of  producing  electricity,  which  would  make  electricity  produced  by 
solar  central  receivers  less  costly  than  coal.  _      ■    •;    -r-     ,     ■.•;-,no 

The  key  to  making  solar  central  receiver  power  plants  competitive  with  other  technologies  depends  on  reducing  the  cost  of 
the  field  of  mirrors,  which  in  turn  depends  on  the  ability  to  mass-produce  them.  Favorable  costs  are  achieved  by  producing 
5,000  units  per  year,  which  is  equivalent  to  building  one  200-megawatt  plant  every  two  years.  Sandia  engineers  believe 
this  is  a  reasonable  production  scenario.  -; 
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The  initial  invesunent  for  a  200-megawatt  plant,  however,  is  several  hundred  million  dollars.  Consequently,  Sandia  has 
developed  several  options  for  commercialization,  each  with  differing  amounts  of  possible  cost-sharing  from  private  and     3 
government  sources.  Sandia  would  provide  assistance  in  planning  the  plant. 

One  option  is  to  build  a  smaller  demonstration  plant  in  the  range  of  10  to  50  megawatts.  This  would  give  utilities  the 
opportunity  to  see  the  benefits  of  such  a  plant  firsthand  without  a  large  capital  investment,  Kolb  says. 

The  next  step  would  be  to  build  a  100-megawatt  plant  The  fmal  step  in  the  commercialization  process  would  be 
construction  of  a  200-megawatt  plant  in  the  2001  to  2004  timeframe. 

The  utility  or  utility  consortium  would  also  benefit  by  meeting  its  needs  for  future  capacity  using  a  technology  that  is 
environmentally  benign.  Public  support  for  renewable  energy  technologies  is  now  very  strong,  Kolb  says. 

FOR  ADDITIONAL  INFORMATION:  Contact:  Greg  Kolb,  (505)846-1976,  Department  of  Energy,  Sandia  National 
Laboratories,  Albuquerque,  NM  87185-5800. 
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•    Technology  Application 


Sandia  National  Laboratory 

Solar  Test  Facility  Used  for  Tests  Requiring  Intense 
Heat 


A  field  of  220  sun-tracking  mirrors  is  being  used  at 
Sandia  National  Laboratories  to  simulate  the  intense 
heat  environments  that  can  hinder  the  performance  of 
missiles  and  other  manmade  structures  as  they  travel 
through  earth's  atmosphere. 

Built  in  1978  for  developing  the  use  of  solar  power, 
the  National  Solar  Thermal  Test  Facility  (NSTTF)  is 
also  being  used  for  myriad  other  tests  that  require 
intense  heat  or  the  ability  to  direct  high  heat  onto  a 
small  target.  For  example,  the  NSTTF's  8-acre  heliostat 
field  can  be  used  to  test  the  effects  of  heat  on  materials 
or  components  used  in  a  nuclear  power  plant. 

Sandia  recently  carried  out  a  reentry  simulation  for 
the  U.  S.  Air  Force  for  an  antenna  array  being  developed 
for  the  National  Aerospace  Plane. 

In  another  recently  concluded  project,  researchers 
from  Johns  Hopkins  University's  Applied  Physics  Lab- 
oratory (APL)  used  the  facility  to  simulate  the  aerody- 
namic heating  that  occurs  when  a  missile  travels  through 
the  atmosphere.  High  temperatures  created  by  air  fric- 
tion during  a  missile's  flight  can  interfere  with  its  radar 
tracking  system,  causing  it  to  miss  its  target. 

Once  the  effects  are  known  and  characterized  in 
detail,  the  missile's  guidance  system  can  be  programmed 
to  make  necessary  adjustments  automatically,  according 
to  APL  researchers. 

The  researchers  chose  to  use  solar  simulation  of 
aerodynamic  heating  because  it  has  certain  advantages 
over  other  heating  techniques,  such  as  laser  irradiation, 
quartz  heat  lamps,  or  actual  flight  tests.  "The  beauty  of 
this  is  that  there  is  an  unobstructed  view  of  the  test 
object  and  no  electrical  interference  such  as  might  be 
created  by  electrical  heating,"  says  NSTTF  manager 
Chris  Cameron. 

"We  think  this  method  is  most  representative  of  a 
missile's  flight,"  says  APL  engineer  Jim  Kouroupis.  "It's 
a  state-of-the-art  facility." 

By  focusing  the  facility's  solar  mirrors — called 
heliostats — on  a  target  located  on  a  60-meter  (200-foot) 
central  receiver  tower,  temperatures  of  more  than  500° C 
and  solar  intensities  of  more  than  250  watts  per  square 
centimeter  can  be  achieved.  Each  heliostat  is  a  computer- 
controlled  mirror  that  directs  the  sun's  energy  to  a 
selected  point  on  the  target.  Targets  as  large  as  27 
square  meters  (300  square  feet)  can  be  accommodated  in 
the  tower's  three  test  bays. 


Missile  radome  in  experiment  bay  at  Sandia's  National  Solar 
Thermal  Test  Facility.  Heliostats  concentrate  sunlight  on  the 
radome  to  simulate  aerodynamic  heating  while  effects  on  radar 
accuracy  are  monitored. 

For  smaller  test  specimens,  a  point-focus 
concentrator — a  parabolic  dish  measuring  11  meters  (36 
feet)  in  diameter — can  achieve  intensities  of  1,500  watts 
per  square  centimeter.  This  is  about  17,000  times  the 
average  sea-level  intensity  of  the  sun  on  a  clear  day. 

Central  to  the  APL  experiment  was  a  hot  boresight 
error  test  facility  installed  at  the  Sandia  site.  "Hot 
boresight  error"  is  a  distortion  in  a  radar  system's  ability 
to  pinpoint  a  target  caused  when  the  signal  is  transmit- 
ted through  a  hot  radome. 

The  ceramic  missile  radome  was  installed  in  a  test 
bay  about  50  meters  (160  feet)  above  ground.  It  was 
attached  to  a  housing  containing  a  water-cooled  drive 
mechanism  and  signal  processor.  Acting  as  a  target,  a 
computer-controlled,  one-meter-diameter  radar  dish 
transmitted  a  signal  from  ground  level  among  the 
heliostats  to  the  radome. 

During  a  test,  researchers  control  the  sequence  of 
events  by  computers  located  in  a  control  room  below  the 
radome  in  the  receiver  tower.  All  220  heliostats  are 
focused  on  the  radome,  which  is  spun  on  its  axis  to 
ensure  even  heating.  After  the  radome  reaches  some 
500°C,  the  number  of  heliostats  focused  on  the  radome 
is  reduced  to  maintain  the  required  temperature. 

The  APL  research  team  has  been  using  the  National 
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Solar  Thermal  Test  Facility  for  its  aerodynamic  heating 
project  for  the  past  11  years.  The  research  has  been 
sponsored  by  the  U.S.  Navy  and  Army. 

Other  applications  of  Sandia's  heliostat  field  and 
receiver  tower  include: 

•  Simulation  of  a  thermal  flash  caused  by  the  deto- 
nation of  a  nuclear  weapon  for  testing  the  effec- 
tiveness of  cockpit  windows  or  goggles  designed  to 
prevent  flashblindness 

•  Photocatalytic  reactions,  including  destruction  of 
hazardous  waste 

•  Materials   processing,   such   as   surface   treating 
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•  Materials  testing,  such  as  finding  the  thermal 
failure  threshold  of  ceramic  insulation 

•  Component  testing,  such  as  measuring  the  re- 
sponse of  nuclear  power  plant  instrumentation 
that  may  be  exposed  to  high  temperatures  under 
abnormal   conditions. 

FOR  ADDITIONAL  INFORMATION:  Contact: 
Chris  Cameron  (505)  844-0363,  Department  of 
Energy,  Sandia  National  Laboratories,  Albuquerque, 
NM  87185-5800. 
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NASA's  Jet  Propulsion  Laboratory,  Pasadena,  California 


Licensing 
Opportunity 


Lithium  Cells  Accept  Hundreds  of  Recharges 

A  new  electrolyte  prolongs  the  lives  of  cells. 


A  new  mixed-solvent  electrolyte  in- 
creases the  nunnber  of  times  a  room-tem- 
perature lithium  cell  can  be  discharged 
and  recharged.  When  subjected  to  more 
than  250  charge/discharge  cycles,  cells 
containing  the  new  electrolyte  lost  only  20 
percent  of  their  initial  capacities.  The  poor 
conductivity  and  the  high  reactivity  of  the 
electrolytes  toward  the  lithium  electrodes 
of  previous  cells  greatly  reduced  the  ca- 
pacities of  these  cells  after  just  a  few  cy- 
cles. 

In  the  new  electrolyte,  2-methyltetrahy- 
drofuran  (2-MeTHF)  is  the  base  solvent, 
and  ethylene  carbonate  (EC)  and  ethylene 
propylene  diene  terpolymer  (EDPM)  are 
additives  and  cosolvents.  These  are  mixed 
in  the  proportions  90  percent  2-MeTH  F,  9.9 
percent  EC,  and  0.1  percent  EDPM.  The 
electrolyte  salt  —  LiAsFg  —  is  added  to 
the  solvent  mixture  to  a  concentration  of 
1.5  molar.  (The  previous  electrolyte  con- 
sisted of  1.5  molar  LiAsFg  in  2-MeTHF 
alone.) 


The  new  electrolyte  was  tested  suc- 
cessfully in  Li/TiSj  cells.  The  conductivity 
of  the  new  electrolyte  is  70  percent  higher 
than  that  of  the  previous  electrolyte  be- 
cause of  the  high  dielectric  constant  of  EC 
and  the  low  viscosity  of  2-MeTHF  The  low 
reactivity  to  lithium  is  believed  to  be  due  to 
the  surface  activity  of  EC  and  EPDM: 
These  constituents  probably  form  passi- 
vating  films  on  lithium  electrodes,  thereby 
protecting  them  from  attack  by  the  other 
chemicals  in  the  electrolyte.  The  new  elec- 
trolyte may  be  useful  in  such  other  room- 
temperature  rechargeable  lithium  cells  as 
lithium/niobium  triselenide  and  lithium  mo- 
lybdenum disulfide  systems. 

This  work  was  done  by  David  H.  Shen, 
Subbarao  Surampudi,  Fotios  Deligiannis, 
and  Gerald  l-lalpert  of  Caltech  for  NASA's 
Jet  Propulsion  Laboratory. 

In  accordance  with  Public  Law  96-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.  Inquiries  concerning 
rights  for  its  commercial  use  should  be 
addressed  to 


Edward  Ansell 

Director  of  Patents  and  Licensing 
fJlaii  stop  305-6 

California  Institute  of  Technology 
1201  East  California  Boulevard 
Pasadena,  CA  91125 
Refer  to  NPO-17676/TN 

Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Chapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
Mgr.  for  JPL  Norman 
L.  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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#    Technology  Application 


Sandia  National  Laboratory 

Optical  Correlator  Recognizes  Images  at  Tera-Op 
Speeds 


Sandia  National  Laboratories  researchers  have  dem- 
onstrated that  identifying  images  with  a  beam  of  light 
can  be  many  times  faster  than  performing  the  same  task 
with  conventional  supercomputers. 

The  advance  was  made  by  using  a  system  called  the 
acousto-optic  image  correlator,  which  has  the  potential 
to  compare  as  many  as  1,000  stored  images  with  a  video 
scene  and  determine  whether  or  not  a  designated  pat- 
tern or  target  is  in  view — all  in  the  span  of  one  second.  If 
present,  a  target  appears  to  the  operator  as  a  white  dot 
on  a  television  monitor. 

Developed  for  use  in  advanced  missile  guidance,  the 
image  recognition  system  also  has  potential  applications 
in  product  and  package  inspection,  robotic  vision,  secu- 
rity and  mail  sorting.  For  example,  it  could  be  used  to 
inspect  packaging  for  proper  labeling  or  to  determine  if 
sufficient  postage  is  affixed  to  a  letter. 

"You  could  use  this  in  any  situation  that  you  wanted 
to  recognize  a  pattern,"  says  K.  Terry  Stalker,  supervisor 
of  Sandia's  Computer  Architectures  Division. 

Matches  stored,  video  images 

A  prototype  of  this  hybrid  optical  processor,  now  in 
operation  at  Sandia,  uses  electronics  for  storing  as  many 
as  256  digitized  patterns  or  "templates."  Templates  can 
represent  different  objects  or  the  same  object  in  differ- 
ent rotations  and  sizes.  Using  a  comparison  algorithm, 
the  highly  parallel  correlator  tries  to  match  these  stored 
computer  images  with  a  video  image  and  can  carry  out 
millions  of  multiplications  at  once. 

The  Sandia  correlator  uses  light  instead  of  electron- 
ics as  a  medium  for  carrying  and  processing  information. 
One  of  the  major  advantages  of  this  technology  is  its 
high  computational  speed,  which  comes  from  the  inher- 
ent parallelism  of  optics  and  the  extremely  high  infor- 
mation capacity  of  light  waves. 

Using  optics  also  permits  building  compact,  low- 
power  systems.  The  image  correlator  requires  only  about 
100  watts  of  power  to  operate  compared  with  1000  watts 
for  an  electronics-based  system.  Furthermore,  a  digital 
computer  with  the  same  capabilities  would  fill  up  an 
average  rcjom,  while  the  optical  correlator  fits  easily  on  a 
tabletop.  Using  improved  optical  design,  Sandia  devel- 
opers are  confident  that  future  generations  of  the  system 
could  be  shrunk  to  shoebox  size,  making  it  suitable  for 
use  aboard  a  missile. 


Perry  Molley  and  Terry  Stalker  demonstrate  acousto-optic  im- 
age correlator,  which  can  identify  images  using  a  beam  of  light 
many  times  faster  than  can  conventional  supercomputers. 


To  use  the  correlator,  a  video  camera  is  trained  on 
an  input  scene,  which  in  Sandia's  prototype  consists  of 
model  trucks  and  armored  vehicles  on  a  tabletop.  This 
scene  is  electronically  scanned  into  the  correlator  using 
an  acousto-optic  device  (AOD).  The  correlator  currently 
handles  large  input  images  measuring  512  X  512  pixels 
(picture  elements),  but  future  generations  could  process 
images  large  as  2000  X  2000  pixels. 

The  templates,  representing  objects  to  be  recog- 
nized, are  stored  in  a  digital  memory  and  introduced 
mto  the  processor  through  a  laser  diode  array  after 
digital-to-analog  conversion.  .As  the  image  propagates 
down  the  length  of  the  AOD,  it  is  compared  or  "corre- 
lated" with  each  reference  template.  The  signal  is  then 
re-imaged  onto  a  charge-coupled  device  (CCD)  and 
displayed  on  a  television  monitor.  A  white  dot  on  the 
monitor  indicates  the  presence  and  exact  position  of  the 
desired  object  in  the  input  scene. 

Thousands  of  times  faster 

In  other  tests,  the  correlator  successfully  matched  a 
template  representing  the  intersection  of  three  airport 
runways  with  a  synthetic  aperture  radar  image  of  the 
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runways.  (Synthetic  aperture  radar  uses  a  succession  of 
microwave  pulses  from  an  aircraft  to  produce  images.) 
The  correlator  was  able  to  carry  out  the  mathematical 
calculations  necessary  to  recognize  the  target  as  fast  as 
the  input  image  was  arriving — 60  frames  per  second — 
achieving  throughput  rates  of  10'°  operations  per  sec- 
ond. In  contrast,  each  frame  was  processed  in  about  10 
minutes  using  a  digital  computer. 

With  specialized  electronics  and  custom  CCDS,  fu- 
ture generations  of  the  processor  should  be  capable  of 
comparing  a  video  input  scene  with  up  to  1000  templates 
per  second,  which  is  a  10''  operations  (tera-op)  per 
second  throughput  rate.  Other  high-speed  correlators 
based  on  acousto-optic  cells  are  limited  in  speed  by  the 
time  it  takes  to  load  data  in  the  acousto-optic  cells.  The 


same  design  overcomes  this  limitation  so  that  loading 
takes  only  a  few  percent  of  processing  time.  No  other 
correlator — optical  or  electronic — that  is  suitable  for 
grayscale  applications  such  as  target  recognition  can 
achieve  these  throughput  rates.  Stalker  says.  Grayscale 
correlations  permit  the  recognition  of  patterns  in  images 
consisting  of  varying  shades  of  gray  rather  than  just 
black  and  white. 


FOR  ADDITIONAL  INfFORMATION:  Contacts:  K. 
Terry  Stalker  (505)844-8143  and  Perry  Molley  (505)844- 
2627,  Department  of  Energy,  Sandia  National 
Laboratories,  Albuquerque,  NM  87185-5800. 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

^     U.S.  Department  of  the  Interior 


Abandoned  Mine  Lands  Program 

Foaming  Mud  Cement  Controls  Underground  Coal 

Mine  Fires  and  Subsidence 


Objective 

Develop  a  cost-effective,  flexible  method  for  ex- 
tinguishing underground  coal  mine  fires  that  can  be 
readily  used  in  fire  conditions  encountered  in  both 
abandoned  mines  and  coal  outcrops. 

In  addition  to  the  abatement  of  an  underground  coal 
fire,  a  secondary  objective  was  to  prevent  subsidence  by 
filling  the  voids  with  a  material  having  sufficient  com- 
pressive strength  to  minimize  subsidence. 

Approach 

The  Colorado  School  of  Mines  Research  Institute  was 
awarded  a  research  contract  to  determine  the  viability  of 
using  Foaming  Mud  Cement  for  abating  underground  coal 
mine  fires  and  preventing  subsidence.  The  program 
consisted  of  a  laboratory  and  pilot  scale  investigation  and 
process  development.  An  extensive,  controlled  test 
program  was  conducted  simulating  floor,  rib,  roof  and 
rubble  fire  conditions.  Field  demonstrations  were 
conducted  after  the  pilot  scale  research  was  completed. 

How  It  Works 

Traditional  techniques  have  targeted  the  control  of 
burning  by  eliminating  the  air,  fuel  source  or  heat. 
This  has  been  accomplished  by  trenching,  quenching, 
smothering  or  combinations  of  these  three  methods.  These 
techniques  were  not  always  successful,  particularly  in  the 
case  of  fires  in  abandoned  mines. 

Foaming  Mud  Cement  (FMC),  on  the  other  hand,  may 
be  formulated  to  span  a  wide  range  of  parameters  with 
respect  to  its  composition.  The  base  components  of  the 
FMC  mixture  typically  consist  of  soil  materials,  portland 
cement  and  flyash.  The  mixture  has  the  ability  to  control 
a  fire  by  encapsulating  the  burning  coal  in  a  thick, 
foam-like  slurry.  The  encapsulation  isolates  the  burning 
coal  from  any  oxygen  source  and  prevents  further 
oxidation  or  combustion  of  the  coal. 


The  FMC  fills  the  voids  left  by  the  burning  coal  and 
once  hardened,  provides  a  support  for  the  overburden, 
thus  minimizing  surface  subsidence.  The  FMC  can  be 
designed  for  the  compressive  strength  needed  for  site  spec- 
ific engineering  requirements.  Various  mix  designs  can 
provide  strengths  from  200  psi  to  more  than  2000  psi,  de- 
pending on  the  expansion  of  the  material.  Although  a 
variety  of  gasses  may  be  used  to  effect  the  expansion, 
normal  air  performs  as  effectively  as  any  of  the  gasses 
tested. 

A  primary  consideration  in  the  development  of  FMC 
was  to  produce  a  product  that  was  effective  for  its  in- 
tended purpose,  economical  and  practical.  The  resulting 
product  has  proven  to  be  workable  over  a  wide  range  of 
sub-surface  soil  types.  The  range  included  soils  with  a  clay 
component  in  excess  of  50%  and  others  with  a  high  or- 
ganic content.  These  conditions  have  traditionally  been 
incompatible  in  the  area  of  cementations  products. 
FMC  is  easily  produced  using  standard  equipment 
available  at  most  concrete  bulk  plants. 


Benefits 

•  Local  soils,  mine  waste  and  spoil  material  are  suit- 
able for  making  FMC,  eUminating  the  need  for  a  high  cost 
"specification"  aggregate. 

•  The  slimip  of  the  material  can  be  controlled  for  the 
requirements  needed  in  building  barriers  with  low  slump 
FMC,  or  it  can  be  made  extremely  fluid  if  the  apphcation 
requires. 

•  Flowable  FMC  can  be  placed  by  gravity,  eliminating 
pumping  costs  emd  volume  restrictions  of  using  conven- 
tionzJ  concrete  pumps. 

•  Up  to  900  cubic  yards  of  FMC  can  be  produced  and 
placed  in  an  8  hour  operational  day. 

•  The  cost  of  FMC  is  approximately  50%  to  70%  of 
the  cost  of  a  conventional  concrete  grout  mixture. 
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Applications 

Approximately  30,000  cubic  yards  of  FMC  have  been 
placed  in  the  four  sites  listed  below: 

•  A  multiple  seam  outcrop  fire  in  Arizona 

•  An  abandoned  coal  mine  fire  in  West  Virginia 

•  An  outcrop  fire  in  Utah 

•  An  abandoned  coal  mine  in  Montana 


Patent  Status 

The  U.S.  Department  of  the  Interior  does  not  plan  to 
apply  for  a  patent  on  the  foaming  mud  cement. 

For  More  Information 

Additional  information  can  be  found  in  the  contract 
final  report,  "Use  of  Foaming  Mud  Cement  To  Terminate 


Underground  Coal  Fires  and  To  Control  Subsidence  of 
Burn  Cavities,"  prepared  by  Colloidal  Concrete  Corp.  of 
Golden,  CO.   Copies  of  the  report  are  available  from  the:      i 

National  Technical  Information  Service  (NTIS) 
U.S.  Department  of  Commerce 
5285  Fort  Royal  Road 
Springfield,  VA   22151 
Tel:  (703)  487-4650. 

When  ordering  the  report,  specify  NTIS  order  no. 
PB89-223-853.   NTIS  charges  a  fee  for  this  service. 

Technical  questions  may  be  addressed  to  the  Bureau  of 
Mines'  staff  engineer  coordinating  the  abandoned  mine 
land  research  program: 

Mr.  Raymond  Aufmuth 

Division  of  Environmental  Technology  ;    ' 

2401  E  Street,  NW 

M.S.  6205,  Washington,  DC   20241     .-     .     -\i 

Tel:  (202)  634-1979  ■  .       ' 
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New  Technology  from  the 
U.S.  Bureau  of  Mines 

U.S.  Department  of  the  Interior 


Analysis  of  Longwall  Pillar  Stability  (ALPS)  Method 
for  Sizing  Longwall  Pillars 


Objective 


Approach 


Improve  ground  control  in  longwall  gate  entries  by 
developing  a  practical  method  for  evaluating  longwall 
pillar  designs. 

Background 

Longwalls  have  emerged  as  the  most  important  tech- 
nology to  be  applied  to  underground  mining  since  the 
continuous  mining  machine.  LongwaU  mines  currently 
produce  more  than  30  pet  of  all  the  underground  coal 
mined  in  the  United  States,  up  from  less  than  5  pet  just 
15  years  ago. 

Safe  longwall  mining  depends  on  maintaining  ground 
control  in  the  gate  entries,  the  lifelines  that  provide 
access  to  the  longwall  face.  In  multientry  retreat  mining 
as  practiced  in  the  United  States,  rows  of  chain  pLUars 
are  left  to  protect  the  gate  entries  (see  figure  1).  Chain 
pillars  are  subject  to  severe  and  complex  abutment  loads 
during  the  process  of  longwall  panel  extraction.  The 
design  of  these  pillars  is  often  the  single  most  important 
element  in  gate  entry  ground  control  and  has  been  the 
subject  of  intensive  Bureau  of  Mines  research. 


Thrust 
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Bureau  of  Mines  efforts  have  resulted  in  the  devel- 
opment of  a  method  for  evaluating  longwall  pillar  de- 
signs called  the  Analysis  of  Longwall  Pillar  Stability 
(ALPS).  ALPS  v/as  initially  based  on  underground 
measurements  made  at  16  longwadl  panels  in  5  mines 
and  4  states.  At  each  of  these  panels,  instruments  were 
installed  in  the  pillars  to  monitor  the  stress  increases 
that  occurred  as  the  longwall  face  was  extracted.  The 
measurements  were  used  to  develop  empirical  equations 
for  predicting  longwall  abutment  loads.  The  measure- 
ments were  also  used  to  test  the  validity  of  available 
pillar  strength  formulas  for  longwall  appUcations. 

After  it  was  developed,  ALPS  was  tested  by  back- 
analysis  of  84  longwall  mining  case  histories.  Both  "suc- 
cessful" and  "unsuccessful"  longwall  pillar  designs  were 
included  among  the  case  histories,  which  were  obtained 
from  all  the  major  longwall  mining  districts.  It  was 
foimd  that  the  ALPS  stability  factor  (SF)  was  less  than 
1.0  for  88  pet  of  the  unsuccessful  designs,  while  the  SF 
for  the  successful  designs  usually  exceeded  1.0  (figure  2). 
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Figure  1.— Typical  longwall  panel  layout,  showing  chain 
pillars  in  development,  headgate,  tailgate,  and  bleeder  entries. 


Figure  2.— ALPS  stability  factors  calculated  for  84  longwall 
pillar  design  case  histories. 
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How  It  Works 

The  purpose  of  ALPS  is  to  help  size  longwall  pillars 
to  carry  the  abutment  loads  to  which  they  will  be 
subjected.   It  consists  of  three  basic  elements: 

-  Estimation  of  the  load  applied  to  the  pillar  system. 

-  Estimation  of  the  strength  of  the  pillar  system. 

-  Determination  of  the  Stabihty  Factor  and  its  com- 

parison with  a  design  criterion. 

Three  different  loading  conditions,  representative  of 
headgate,  bleeder,  or  tailgate  pillars,  may  be  employed 
in  the  analysis.  ALPS  may  also  be  applied  to  pLUar 
designs  employing  any  number  of  entries  and  any  com- 
bination of  pillar  widths. 

ALPS  is  well-suited  for  preUminary  design,  where 
SF's  of  1.0-1.3  are  recommended.  ALPS  does  not  dir- 
ectly consider  such  factors  as  roof  and  floor  geology, 
however,  so  it  is  most  effective  when  it  has  been  "caU- 
brated"  with  local  experience.  The  method  is  not  appli- 
cable to  the  pure  yield  pillar  designs  used  on  some 
western  U.S.  longwalls. 

A  computer  program  has  been  prepared  to  aid  mine 
planners  in  using  ALPS.  The  program  is  written  in 
the  BASIC  computer  language  for  an  IBM  PC  or 
compatible.  It  is  extremely  user-friendly  and  may  be 
easily  accessed  by  those  with  little  or  no  computer 
background.  The  progrzmi  features  interactive  data 
input  and  an  opportunity  to  check  and  change  the  data 
both  before  and  after  the  calculations  are  performed. 

Applications 

The  ALPS  method  has  found  wide  acceptance  within 
the  mining  industry,  particularly  in  its  new  computer 
format.  Nearly  150  copies  of  the  ALPS  computer  pro- 
gram have  been  distributed,  with  users  found  at  more 
than  85%  of  U.S.  coal  companies  that  employ  the  long- 


wall  technique.  ALPS  has  already  been  used  to  help 
size  pillars  for  new  longwalls  in  Illinois,  West  Virginia, 
and  Colorado.  Mining  consultants  and  regulatory 
agencies  have  also  made  extensive  use  of  ALPS.  Many 
leading  mining  schools,  including  Permsylvania  State 
University,  Southern  Illinois  University,  the  University  of 
Kentucky,  and  West  Virginia  University  teach  the  ALPS 
method  in  undergraduate,  graduate,  and  extension 
courses. 

Current  Bureau  research  is  directed  toward  expand- 
ing ALPS  to  consider  all  aspects  of  gate  entry  design. 
Studies  have  been  conducted  at  45  longwalls  to  evaluate 
the  interaction  between  pillar  design,  roof  geology,  and 
airtificial  support  in  longwall  gate  entries.  The  ultimate 
goal  is  to  help  mine  planners  select  the  right  combina- 
tion of  pillar  sizes  and  roof  supports  for  their  site- 
specific  geologic  conditions. 


For  More  Information 

A  full  description  of  the  ALPS  method,  including 
its  development  and  use,  is  given  in  the  Bureau's 
Information  Circular  (IC)  9247,  "Pillar  Design  Methods 
for  Longwall  Mining."  For  a  free  single  copy  of  this  IC, 
write  to  the  Bureau  of  Mines'  PubUcations  Distribution 
Section,  P.O.  Box  18070,  Cochrans  Mill  Rd.,  Pittsburgh, 
PA  15236-0070. 

Additional  information  and  single  copies  of  the  ALPS 
computer  program  may  be  obtained  by  contacting  the 
principal  investigator: 

Dr.  Christopher  Mark 
U.S.  Bureau  of  Mines 
Pittsburgh  Research  Center 
Cochr2ms  Mill  Road 
I       ■;     P.O.  Box  18070 

Pittsburgh,  PA     15236 
(412)  892-6522  ,,.    ,,■,: 
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Cast  Compressor  Case  for  Large  Engines 


Compressors  for  modern  aircraft  en- 
gines like  the  F404-400,  which  powers 
the  Navy's  F1 8  aircraft,  feature  variable 
geometry  stator  vanes.  A  spindle  on 
each  variable  vane  penetrates  through 
the  compressor  case  at  a  locally  built  up 
boss  and,  outside  of  the  case,  is  con- 
nected to  an  actuator  mechanism  that 
opens  or  closes  the  vanes  on  command. 
When  these  spindle  bosses  are  com- 
bined with  other  required  features  such 
as  forward  and  aft  mount  flanges  and 
horizontal  split-line  flanges  to  facilitate 
engine  maintenance,  an  extremely 
complex  outer  surface  results.  To 
manufacture  such  a  case  from  a  forging 
requires  a  considerable  amount  of  time- 
consuming  multi-axis  milling.  Smaller 
engines  such  as  the  T700  for  the  Army's 
Blackhawk  and  Apache  and  the  Navy's 
Seahawk  helicopters  have  used  a  net- 


shaped  8  inch  OD  cast  case  for  a  number 
of  years.  However,  at  >20  inch  OD  the 
F404  case  was  considerably  larger  and 
required  a  higher  temperature  alloy  for 
which,  at  the  outset  of  this  program, 
there  was  little  casting  experience. 

Recognizing  the  potential  for  a  sig- 
nificant cost  reduction,  the  NAVAIR 
MANTECH  Program  Office  sponsored  a 
project  with  GE  Aircraft  Engines.  The 
objective  of  this  project  was  to  demon- 
strate that  cast  titanium,  and  more 
specifically,  Ti-6-2-4-2  alloy,  could  be 
adapted  to  the  F404  compressor  case. 
Initially,  two  casting  vendors  produced 
simple  cylindrical  prototype  castings  to 
demonstrate  feasibility.  Both  were  able 
to  achieve  required  properties  and  both 
were  able  to  handle  the  size.  However, 
one  had  considerably  better  success 
with  smaller  fillet  radii  at  the  spindle 


F404  Engine 
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bosses,  a  feature  necessary  for  weight 
control.  This  vendor  also  projected  a 
lower  production  casting  price. 

The  selected  casting  source  next  de- 
signed and  built  production-capable 
tooling  for  the  actual  F404  case.  The 
prior  work  with  the  simulated  case  pro- 
vided valuable  data  on  wax  and  casting 
shrinkage.  A  pilot  run  of  six  castings  was 
produced.  The  only  significant  concern 
was  a  sligfit  out-of-round  condition.  This 
condition  was  readily  corrected  by  a 
thermal  sizing  operation  using  a  cast 
stainless  steel  plug,  which  was  inserted 
into  the  casting  priorto  a  vacuum  anneal. 
This  demonstrated  that  the  titanium  in- 
vestment casting  process  had  advanced 
to  the  point  where  castings  of  this  size 
and  complexity  could  be  cast  in  higher 
temperature  titanium  alloys. 

Although  the  titanium  casting  pro- 
gram was  a  complete  technical  success, 
it  was  not  carried  forward  into  production 
because  of  a  design  change  which  re- 
placed the  titanium  case  with  Ml  52,  a  12 
Cr  steel .  With  the  Navy's  approval,  a  task 
to  assess  the  viability  of  casting  the 
Ml 52  version  of  the  case  using  a  new, 
net  shaped  OD  centrifugal  casting  pro- 
cess was  added  to  the  MANTECH 
program.  For  this  initial  effort,  wax  pat- 
terns were  made  using  the  tool  designed 
for  the  titanium  case.  Although  solidifica- 
tion shrinkages  for  steel  and  titanium  are 
different,  the  titanium  casting  includes 
extra  stock  on  all  surfaces  for  a  final 


chem-mill  operation  to  remove  alpha 
case.  This  extra  stock  was  approximately 
that  needed  to  compensate  for  the  differ- 
ence in  shrinkage.  After  a  relatively  short 
process  scale-up  phase  involving  only 
six  trial  castings,  two  usable  cases  were 
cast.  One  was  consumed  in  destructive 
testing,  and  the  other  is  being  readied  for 
an  F404  engine  test  and  qualification. 
As  compared  with  machining  the  Ml  52 
case  from  a  forged  cylinder,  the  net- 
shaped  OD  casting  results  in  a  substantial 
cost  savings.  The  casting,  although  more 
costly  than  a  tub  forging,  results  in  a 
lower  cost  finished  part  due  to  the  elimi- 
nation of  complex  and  time  consuming 
multi-axis  contour  milling  around  the 
spindle  bosses  and  flanges  and  reduc- 
tion in  the  total  amount  of  stock  which 
must  be  removed. 

GE  intends  to  introduce  the  technol- 
ogy demonstrated  and  scaled  up  on  this 
program  not  only  on  the  F404  but  on 
several  other  engines,  both  military  and 
commercial.  An  end-of-contract  presen- 
tation on  this  project  will  be  scheduled 
and  held  at  Titech,  in  Pomona,  Califor- 
nia. 

For  further  information  on  this  project 
contact: 

Commander 

Naval  Air  Engineering  Center 

Attn:  Mr.  Paul  Campos 

SESD  Code  5321 

Lakehurst.NJ  06733-5100 

(908)  323-1328 
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Pyrotechnic  Distress  Signal 


Figure  1.  One-hand  operated,  pyrotechnic  distress  signal 
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An  improved  pyrotechnic 
distress  signal  (Figure  1)  has  been 
developed  by  the  Naval  Weapons 
Support  Center,  Crane,  Indiana. 
The  signal  can  be  operated  with 
one  hand  by  a  swimmer  or  other 
person  in  a  distress  situation  that 
precludes  using  both  hands.  The 
device  has  a  stab  primer  that  is 
activated  by  a  firing  pin,  which  is 
normally  locked  in  safe  position 
and  protected  by  a  metal  cover. 
Upon  withdrawal  of  the  signal 
from  a  storage  pouch  on  a  life  belt 
or  elsewhere,  a  lanyard  pulls  off 
the  cover  to  expose  and  unlock  the 
firing  pin.  Application  of  force  to 
the  firing  pin,  as  by  striking  it 
against  the  person's  knee,  drives 


the  pin  into  the  primer  to  ignite 
the  display.  Previous  signals 
required  holding  the  device  in  one 
hand  and  pulling  an  ignition  ring 
with  the  other  hand,  which 
sometimes  proved  difficult  or 
impossible — particularly  in  cold- 
water  conditions  or  when  wearing  _,  • 
bulky  divers' gloves.                                                   ;      ;  . 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center    .'      ■  -  w.-         >    i    :■.',..' 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160201/TN 
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National  Center  for  Excellence  in  Metalworking 
Technology  (NCEMT) 

Navy  Technology  Fact  Sheet 
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PHALANX  Coolant  Pump  Re-engineering 


As  part  of  the  NCEMT  Rapid  Re- 
sponse initiative,  a  technical  team  is 
evaluating  problems  concerning  the 
function  of  the  coolant  pump  assembly  in 
the  PHALANX  Close  In  Weapon  System 
(CIWS).  The  coolant  system  was  origi- 
nally designed  for  a  service  life  of  50,000 
hours;  however,  it  is  averaging  only 
18,000  hours  service  life  before  failure, 
and  the  problem  has  reached  a  high  level 
of  visibility  at  the  Naval  Ordnance  Sta- 
tion, Louisville  (NOSL). 

The  lack  of  detailed  component  de- 
sign and  material  data  currently  requires 
that  NOSL  replace  the  entire  coolant 
pump  assembly,  instead  of  individual 
parts.  This  impacts  greatly  on  the  cost 
and  operational  viability  of  the  system. 

NCEMT  staff  disassembled  a  failed 
PHALANX  coolant  pump  and  examined 
each  component  visually  and  metallo- 
graphically.  A  solid  computer  model  and 
dimensioned  design  print  of  the  impeller 
assembly  was  generated  from  the  actual 
component.  NCEMTthen  provided  NOSL 
with  a  CALS  compliant  IGES  file  for  each 
component. 

As  a  result  of  the  examination,  it  was 
concluded  that  a  design  problem  exists 
within  the  coolant  turbo  impeller  assem- 
bly. The  impeller  has  been  designed  to 
float  freely  within  the  impeller  casing, 
causing  wear  between  mating  compo- 
nents. This  wear  most  likely  occurs  when 
the  impeller  is  out  of  equilibrium  during 
start-up  and  shut-down  of  the  pumping 
cycle.  Another  condition  possibly  lead- 
ing to  wear  occurs  when  the  coolant  flow 


PHALANX  Close  In  Weapon  System 

is  interrupted,  causing  the  impeller  to 
revolve  off  center  and  wear  adjacent 
components  in  the  assembly.  A  corro- 
sion/erosion pattern  was  also  observed 
on  some  of  the  impeller  vanes  and  pump 
housings. 

To  correct  the  design  problem,  the 
NCEMT  staff  has  designed  a  retrofit  kit 
that  includes  a  hub  to  lock  the  impeller  on 
the  center  and  avoid  wear.  This  kit  would 
be  used  to  refurbish  PHALANX  pump 
systems  as  they  are  brought  in  to  the 
NOSL  for  repair. 


C 


j:).S 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this  effort  further,  contact:  Mr.  Pat  Loyacona,  Manufacturing 
Engineer  (814)269-2550  or  Dr.  Howard  A.  Kuhn,  Technical  Vice  President  (814)269-2426,  National  Center  for 
Excellence  in  Metalworking  Technology,  1450  Scalp  Avenue,  Johnstown,  PA  15904.  '  -  )i 
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NIST  Technology  Update 

National  Institute  of  Standards  &  Technology 

^    U.S.  Department  of  Commerce,  Gaithersburg,  MP  20899 


New  Semiconductor  Measurement  Standard 
Available 


Standard  reference  material  (SRM)  476  is  a  new  bright-chrome  optical  microscope  linewidth  standard  for 
calibrating  optical  microscopes  used  to  measure  linewidths  from  1  to  10  micrometers  on  semiconductors.  The  new 
standard  is  similar  to  SRM  475  but  patterned  in  bright  chrome  instead  of  antireflecting  chrome.  These  SRMs  are 
specifically  designed  for  measuring  opaque  and  clear  lines  on  integrated-circuit  photomasks  in  transmitted 
illumination. 

FOR  ADDITIONAL  INFORMATION:  SRM  476  is  available  for  $4,153  from  the  Standard  Reference  Materials 
Program,  Rm.  204,  Bldg.  202,  NIST,  Gaithersburg,  Md.,  20899;  (301)975-6776,  fax:  (301)948-3730. 
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Computing  Flow  in  a  Labyrinth  Seal 

A  variety  of  geometries,  including  multiple  chokes,  can  be  accommodated. 


A  mathematical  model  and  a  computer 
program  have  been  developed  to  simulate 
the  flow  in  a  labyrinth  seal.  The  primary  pur- 
pose of  the  program  is  to  determine  the  drop 
in  pressure  across  the  primary  labyrinth  seal 
of  the  high-pressure-oxygen  turbopump  of 
the  Space  Shuttle  main  engine,  including 
the  portion  of  that  drop  caused  by  the  resis- 
tance to  flow  in  the  gaseous-oxygen  drain. 
However,  the  flexibility  of  the  program  should 
make  it  applicable  to  other  machinery.  The 
program  accommodates  a  variety  of  geom- 
etries and  includes  an  iterative  routine  that 
enables  the  simulation  of  flows  that  choke 
in  multiple  places.  The  model  and  program 
provide  for  improved  study  of  various  types 
of  seal  failures  and  for  reviews  of  the  me- 
chanics of  seal  regions. 

The  user  enters  input  data  that  describe 
the  geometry  of  the  seal  and  of  the  slinger 
upstream  of  the  seal.  These  data  include  var- 
ious radii,  the  number  of  lands,  the  number 
of  teeth  on  each  land,  and  clearances  for 
the  slinger  and  each  land  of  the  seal.  The 
user  must  also  prc^/icle  input  data  on  the  pres- 
sure at  the  drain  exit,  the  pressure  and  tem- 
perature upstream  of  the  slinger,  the  speed 


and  torque  of  the  pump,  the  pump  coeffi- 
cients of  the  slinger,  and  various  loss  coef- 
ficients that  are  determined  from  literature 
and  from  test  data.  The  user  must  also  enter 
the  rate  of  flow  and  the  temperature  of  heli- 
um flowing  through  the  purge,  because  mix- 
ing occurs  at  the  exit  of  the  seal.  Although 
the  program  in  its  present  form  works  only 
for  oxygen  and  a  purge  flow  of  helium,  it  con- 
tains routines  that  can  be  modified  to  ex- 
press the  properties  of  other  fluids. 

When  beginning  a  computation  with  this 
program,  one  makes  an  initial  guess  of  the 
rate  of  flow  through  the  seal.  An  iteration 
is  then  performed  on  the  rate  of  flow  until 
the  boundary  conditions  of  pressure  are 
satisfied.  Supersonic  flow  is  not  allowed  in 
this  program,  but  multiple  sonic  conditions 
can  occur.  Incremental  steps  are  taken  up 
and  down  the  slinger  to  determine  where 
the  liquid  oxygen  turns  to  gaseous  oxygen. 
(The  program  can  also  simulate  a  complete- 
ly-liquid-phase flow.)  Heat  is  added  to  the 
simulated  flow  in  the  slinger  and  seal  re- 
gions. The  flow  is  allowed  to  choke  only  at 
the  end  of  each  land  because  each  land 
is  assumed  to  have  constant  area  at  the  tips 


of  each  tooth.  Further  development  of  the 
program  would  include  providing  for  lands 
of  variable  area  (variable  radius)  and  improv- 
ing the  mathematical  model  of  the  drain 
system. 

This  work  was  done  by  Tyn  S.  Smith  of 
Rockwell  International  Corp.  for  Marshall 
Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  irwention  should  be  ad- 
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Space  Flight  Center  Refer  to 
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Concentric  Regenerative  Sorption  Compressor 


Required  power  would  equal  that  of  a  mechanical  compressor 


A  proposed  sorption  compressor  for  a  cry- 
ogenic systenn  would  feature  four  sorption 
units  that  would  operate  in  phased  alterna- 
tion in  a  heat-cascading  manner  A  refrig- 
erator based  on  the  proposed  compressor 
would  require  about  60  W  of  input  power 
to  produce  1  W  of  cooling  at  a  temperature 
of  65  K.  This  equals  the  power  required  by 
a  mechanical  compressor  designed  to  pro- 
duce the  same  cooling  effect.  However,  the 
sorption  compressor  would  vibrate  less  than 
a  mechanical  compressor  does,  and  it 
would  be  more  reliable  t)ecause  it  would 
contain  only  a  few  moving  parts  that  would 
be  actuated  relatively  infrequently. 

In  the  refrigerator  (see  figure),  a  cooling 
loop  in  which  krypton  circulates  would  pro- 
vide cooling  to  about  130  K,  and  a  cooperat- 
ing loop  containing  oxygen  would  provide 
further  cooling  to  65  K.  The  compressor 
would  include  two  praseodymium  cerium 
oxide  (POO)  chemisorption  units  that  would 
pump  the  oxygen  and  two  carbon/krypton 
(C/Kr)  physisorption  units  that  would  pump 
the  krypton.  During  each  half  of  the  operat- 
ing cycle,  waste  heat  from  one  of  the  POO 
units  would  power  the  other  PCO  unit,  and 
waste  heat  from  this  second  unit  would 
power  one  of  the  C/Kr  units.  If  one  of  the 
C/Kr  units  is  replaced  by  a  carbon/xenon 
(C/Xe)  unit,  then  all  heat  rejection  may  be 
made  at  0  °C  (273  K),  thus  eliminating  the 
200-K  radiator  There  would  then  be  three 


Concentric  Sorption  Units  would  be  alter- 
nately connected  and  disconnected  via  timed 
gas-gap  tiiermal  switches.  During  a  given  half 
cycle,  one  of  the  C/Kr  sorption  units  would 
operate  on  waste  heat  from  one  of  the  PCO 
sorption  units,  which  in  turn  would  operate 
partially  on  waste  heat  from  the  other  PCO 
sorption  unit. 


Stages  of  J-T  cooling  at  about  165  K,  120 
K,  and  65  K  for  the  same  heat  input. 

At  the  beginning  of  a  cycle,  internal  elec- 
trical heaters  would  raise  the  temperature 
of  one  of  the  PCO  units  to  500  °C,  causing 
it  to  desorb  oxygen  at  high  pressure  for  use 
in  the  Og  cooling  loop.  Gas-gap  thermal 
switches  would  then  be  activated  to  transfer 
heat  from  this  PCO  unit  into  and  along  a  cop- 
per rod  to  the  other  PCO  unit,  which  would 
initially  be  at  290  °C.  Both  PCO  units  would 
equilibrate  at  395  °C,  and  the  second  PCO 
unit  would  desorb  more  Og  for  use  in  the 
Og  loop. 

Another  gas-gap  thermal  switch  would 
then  be  activated  to  transfer  heat  from  the 
first  PCO  unit  to  the  C/Kr  unit  concentric  with 
it,  thereby  heating  the  C/Kr  unit  to  280  °C 
and  cooling  the  first  PCO  unit  to  290  °C.  The 
cooled  first  PCO  unit  would  reabsorb  Og. 
The  heated  C/Kr  unit  would  give  off  Kr  gas, 
which  would  be  used  in  the  Kr  cooling  loop. 
Meanwhile,  heat  from  the  other  C/Kr  unit 
would  be  transferred  through  a  gas-gap 
switch  to  a  0  °C  heat  sink,  cooling  that  unit 
to  10  "C  and  causing  it  to  absorb  Kr  The 
second  half  cycle  would  then  begin  with  the 
heating  of  the  second  PCO  unit  to  500  °C, 
and  the  roles  of  the  various  components 
would  be  appropriately  reversed. 

This  work  was  done  by  Jack  A.  Jones 
of  Caltech  for  NASA's  Jet  Propulsion 
Laboratory.  NPO-17877/TN 
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Low-Frequency  Suspension  System  for  Large  Space  Structures 

A  simple  system  enables  vibration  testing  of  space  structures  on  the  ground. 


Large,  lightweight  space  structures  are 
designed  for  operation  in  a  weightless  en- 
vironment, yet  must  be  tested  in  facilities 
on  the  ground  under  the  influence  of  gravi- 
tation. Such  structures  are  generally  too 
frail  to  support  their  own  weights  on  Earth. 
Therefore,  to  determine  experimentally  the 
shapes,  frequencies,  and  damping  param- 
eters of  the  vibrational  modes  of  a  struc- 
ture in  a  test  facility  on  the  ground,  it  is 
necessary  to  suspend  the  structure  in  a 
manner  that  not  only  allows  freedom  of 
motion  similar  to  that  found  in  outer  space 
but  that  also  relieves  those  stresses  within 
the  structure  that  are  due  to  the  weight 
of  the  structure  itself. 

The  suspension  system  must  support 
the  structure  and  allow  freedom  of  motion 
without  distorting  the  natural  vibrational 
modes  of  the  structure.  Therefore,  the  vi- 
brational modes  of  the  suspension  system 
must  be  uncoupled  from  those  of  the 
structure.  Large  truss-type  structures  typi- 
cally have  extremely  low  natural  frequen- 
cies —  often  below  0.5  Hz.  For  adequate 


Suspension 
Stations 


.  Space  structure 
(e.g..  Truss  Beam) 


Disk  and  Cable  Adjustments  would  lower 
the  frequency  of  oscillatory  motion  of  the 
suspension  system  to  enable  accurate 
measurements  of  frequencies  of  vibration 
of  the  space  structure. 


uncoupling  of  the  vibrational  modes  of  the 
suspension  system  from  the  fundamental 
vibrational  modes  attributable  to  the  flex- 
ibility of  the  structure,  the  modes  of  the 
suspension  system  should  have  frequen- 
cies substantially  lower  than  that  of  the 
first  fundamental  mode  of  the  structure. 

The  suspension  of  a  structure  from  long 
cables  in  pendulum  fashion  allows  the 
structure  to  move  in  one  plane.  However, 
to  obtain  the  required  extremely  low  fre- 
quencies, one  must  make  a  simple  pen- 
dulum suspension  prohibitively  long.  In  ad- 
dition, suspension  from  fixed  cables  can 
significantly  affect  the  torsional  vibrational 
modes  of  the  structure.  To  allow  torsional 
freedom  of  motion  for  a  space  structure 
undergoing  ground  testing,  a  low-frequen- 
cy torsional  suspension  system  has  been 
designed.  This  concept  involves  a  plurali- 
ty of  suspension  stations  attached  to  the 
space  structure  along  its  length  to  sus- 
pend it  from  an  overhead  support. 

The  suspension  system  (see  figure) 
would  include  a  number  of  suspension  sta- 
tions attached  by  cables  to  a  space  struc- 
ture (such  as  a  truss  beam)  along  its  length. 
The  suspension  stations  would  be  fixed  to 
a  ceiling  or  other  rigid  support.  Although 
only  the  end  stations  are  illustrated  in  the 
figure,  a  sufficient  number  of  additional 
suspension  stations  would  be  placed 
between  the  end  stations.  The  exact  num- 
ber of  stations  would  depend  on  the  length 
and  strength  of  the  space  structure  to  be 
tested. 

The  system  is  designed  to  alleviate  the 
coupling  between  the  suspension  system 
and  the  torsional  vibrational  modes  of  the 
structure.  To  accomplish  this,  each  station 
would  include  two  cables  of  the  same 
length  and  a  rotatable  supporting  disk.  The 
cables  and  disk  would  act  together  to  low- 
er the  frequency  of  the  torsional  vibrational 
or  rotational  mode  of  the  suspension  sys- 
tem. It  is  desirable  to  keep  the  fundamen- 
tal natural  frequency  of  the  system  signif- 
icantly lower  than  the  lowest  structural 
frequency,  which,  for  one  60-m  te^t  mast 
beam,  was  found  to  be  0.18  Hz. 

The  disk  would  be  free  to  rotate  about 
a  horizontal  axis.  The  cables  would  be  ar- 
ranged to  form  a  parallelogram,  atx:d,  such 
that  at  rest,  the  center  of  gravity  of  the 


beam  would  hang  directly  below  the  axis 
of  rotation  of  the  disk.  The  system  would 
have  two  uncoupled  natural  pendulum 
modes:  one  would  be  the  simple  pen- 
dulum mode;  the  other  would  be  the  tor- 
sion or  compound  pendulum  mode  involv- 
ing rotation  of  the  suspended  body  about 
its  own  center  of  gravity.  The  vertical  dis- 
tance between  the  points  of  attachment 
of  the  cables  to  the  disk  and  the  axis  of 
rotation  of  the  disk  is  adjusted  to  lower  the 
frequency  of  the  suspension  system  to  a 
level  at  which  the  motions  of  the  suspen- 
sion system  do  not  interfere  with  the  mo- 
tions of  the  space  structure,  thereby  enab- 
ling accurate  measurements. 

The  torsion  suspension  system  could 
be  combined  with  suspension  systems  de- 
signed according  to  other  concepts  to  pro- 
vide lateral  and  vertical  translation  of  the 
test  structure.  In  addition,  the  dynamic  /- 
characteristics  of  such  systems  could  be  v 
improved  further  through  the  use  of  active- 
feedback-control  techniques.  The  torsion 
suspension  system  could  be  combined 
with  a  lateral  pendulum  suspension  sys- 
tem that  included  an  active  feedback  con- 
trol system.  This  arrangement  would  lower 
the  frequency  of  the  pendulum  by  control- 
ling lateral  motion  of  the  suspension  point, 
increasing  the  effective  length  of  the  ca- 
bles. Active  feedback  control  in  the  ver- 
tical degree  of  freedom  would  also  aug- 
ment the  dynamic  characteristics  of  the 
vertical  mode. 

This  work  was  doneby  Wilmer  H.  Reed 
III  and  Ronald  R.  Gold  of  Dynamic 
Engineering,  Inc.,  for  Langley  Research 
Center 

This  invention  is  owned  by  NASA,  and 
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A  New  Stress  Test  for  Wind  Turbine  Blades 


1 

A  researcher  applies  a  special  coating  to  an  advanced-airfoil  blade  (left).  When  bent  or  twisted  (right),  the  coating  displays  a  colorful  pattern 
indicating  the  direction  and  amount  of  stress  in  various  locations. 


SERI  researchers  have  found  a 
way  to  observe  and  measure  stress 
at  any  point  along  a  wind  turbine 
blade.  The  technique,  called  photo- 
elastic  testing,  can  be  used  during  the 
design  stage  to  pinpoint  high-stress 
areas,  improve  blade  reliability,  and 
reduce  blade  weight  and  cost. 

In  photoelastic  testing,  a  special 
plastic  coating  is  applied  to  the  blade 
surface.  As  the  blade  is  deliberately 
bent  or  twisted,  the  plastic  displays  a 
pattern  of  colors  corresponding  to 
the  amount  of  stress  experienced 
over  the  surface  of  the  blade.  Closely 
spaced,  repeated  color  changes  from 
blue  or  green  to  yellow  to  red  relate 
to  higher  stress  levels.  Black  indicates 
areas  of  low  or  no  stress. 

When  researchers  tried  this  tech- 
nique on  a  new  advanced-airfoil 
blade  manufactured  by  Phoenix 
Industries  of  Minnesota,  they  found 
stress  "hot  spots"  along  the  trailing 


edge  and  where  the  pitch-control 
mechanism  box  is  attached  to  the 
inside  of  the  blade's  skin.  The  high- 
stress  area  on  the  trailing  edge  may 
be  easily  corrected  during  manu- 
facturing. The  stressed-out  areas 
associated  with  the  pitch  mechanism 
box  may  call  for  a  different  type  of 
mounting  to  allow  the  blade's 
flexible  skin  to  bend  more  easily 
around  the  rigid  box. 

In  addition  to  locating  potential 
problem  areas,  photoelastic  testing 
can  also  be  used  to  identify  strong 
areas  where  material  can  be  removed 
to  reduce  blade  weight  and  cost.  The 
test  can  also  identify  locations  where 
strain  gages  should  be  bonded  for 
other  structural  tests. 

For  more  information  on  this  new 
capability  available  to  SERI's  wind 
research  partners,  call  Walt  Musial, 
(303)231-1456.^ 
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Project  Summary 

Snow/Rain  Collector  Sampler 


This  Project  Summary  was  developed 
by  EPA's  Atmospheric  Research  and 
Exposure  Assessment  Laboratory,  Re- 
search Triangle  Park,  NC,  to  announce 
key  findings  of  the  research  project 
that  is  fully  documented  In  a  separate 
report  of  the  same  title. 

Introduction 

The  study  of  precipitation  chemistry  im- 
plies the  ability  to  collect  chemically  accu- 
rate precipitation  samples.  In  general, 
precipitation  chemistry  varies  from  loca- 
tion to  location  so  geographically  disbursed 
collection  is  necessary.  Geographical  dis- 
persion implies  a  collection  device  that 
will  operate  continuously  and  unattended. 
Such  a  device  must  be  able  to  determine 
when  precipitation  is  occurring  and,  during 
non-precipitating  periods,  prevent  con- 
tamination of  collecting  surfaces.  Addi- 
tionally, both  liquid  and  frozen  precipita- 
tion will  be  of  interest  so  the  instrument 
must  have  the  ability  to  sense,  collect  and 
melt  frozen  precipitation  for  convenient 
storage. 

Instrument  Description 
Overview 

The  precipitation  gauge  and  collector  is 
a  computer  controlled  electro-mechanical 
device  for  collecting  chemically  accurate 
precipitation  samples  and  measuring  pre- 
cipitation quantity  and  rate.  It  is  designed 
to  operate  unattended  for  periods  of  up  to 
one  week  from  a  12  volt  DC  power  source. 
The  device  includes  a  start  of  event  sensor 
that  detects  the  onset  of  precipitation,  a 
collector  funnel  that  is  automatically  un- 
covered during  precipitation,  a  liquid  mea- 
surement apparatus  referred  to  as  the 
accumulator,  removable  bottles  for  storage 
and  transfer  of  precipitation  samples,  a 
mechanism  for  transferring  liquid  from  the 
accumulator  to  the  storage  bottles,  and  a 
controller  to  supervise  the  actions  of  the 
instrument  and  collect  data.  The  end  of  a 
precipitation  event  is  determined  when  the 
accumulator  has  not  become  full  within  a 
predetermined  time  period.  The  controller 
records  the  time  of  start  and  end  of  pre- 
cipitation events  and  the  time  of  every 
filling  of  the  accumulator.  It  also  records 
status  events  such  as  door  open,  heater 
use,  sample  bottle  number,  and  instrument 
exception  information  such  as  low  power 
voltage  and  failure  of  the  instrument  to 
behave  as  expected.  The  majority  of  the 


instrument  workings  are  contained  within 
an  insulated  28  x  13  x  13  enclosure.  Pro- 
vision has  been  made  to  heat  the  start  of 
event  sensor,  collector,  and  interior  of  the 
enclosure  in  order  to  collect  frozen  pre- 
cipitation. 

Sub  Assemblies 

Accumulator 

The  accumulator  is  a  removable  subas- 
sembly that  is  designed  to  detect  a  .01 
inch  increment  of  precipitation  and  to 
transfer  that  increment  into  storage  bottles. 
It  consists  of  a  collection  tube  of  a  known 
volume,  a  lower  normally  closed  pinch 
valve  that  traps  liquid  in  the  collection 
tube,  an  upper  normally  open  pinch  valve 
that  allows  precipitation  to  enter  the  col- 
lection tube  and  optical  sensors  that  detect 
the  presence  of  liquid.  The  controller  op- 
erates the  accumulator  by  monitoring  the 
liquid  detectors  during  a  precipitation  event. 
When  it  observes  that  both  detectors  see 
liquid  at  the  top  of  the  collection  tube  it 
forces  a  sample  needle  and  vacuum 
needle  through  a  storage  bottle  septum 
by  means  of  the  injector  assembly,  opens 
the  lower  pinch  valve  and  turns  on  the 
vacuum  pump  to  suck  the  increment  of 
precipitation  into  the  storage  bottle.  The 
controller  determines  that  a  precipitation 
event  has  ended  when  no  liquid  has  col- 
lected in  the  accumulator  for  a  program- 
mable interval  of  time. 

Carrousel  Assembly 

The  carrousel  is  a  removable  subas- 
sembly provided  to  hold  the  storage  bottles 
and  to  position  them  under  the  injector. 
The  carrousel  is  designed  to  allow  the 
storage  bottles  to  be  installed  and  removed 
as  a  unit.  The  rack  of  bottles  may  be 
transferred  without  need  to  keep  track  of 
the  bottles  on  an  individual  basis.  The 
carrousel  assembly  consists  of  a  turntable 
that  accepts  a  rack  of  eight  500  ml  bottles, 
a  motor  to  drive  the  turntable,  a  motor 
heater  and  a  connector.  Locator  pins  and 
a  locator  pin  detector  switch  enable  the 
controller  to  determine  the  position  of  the 
turntable. 

Collector 

The  collector  consists  of  an  eight  inch 
diameter  aluminum  funnel  coated  with 
Halar  to  prevent  sample  contamination. 
To  preserve  cleanliness  the  collector  is 
covered  between  precipitation  periods.  The 
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bottom  of  the  funnel  is  connected  to  the 
accumulator.  The  controller  servos  the 
heaters  at  3°C  during  precipitation  events 
when  ambient  temperatures  are  below 
freezing. 

Cover  Assembly 

The  cover  assembly  is  provided  to  pre- 
vent contamination  from  entering  the  col- 
lector during  non-precipitating  periods.  The 
start  of  event  sensor  is  mounted  on  the 
top  of  the  cover.  A  mercury  bead  tilt  sen- 
sor is  mounted  to  a  cover  mounting  arm. 
The  controller  uses  that  sensor  to  deter- 
mine that  the  cover  has  moved  when  an 
open  or  close  command  is  given  and  to 
detect  when  the  cover  is  approaching  its 
destination  in  order  to  turn  off  the  cover 
motor.  The  cover  is  entirely  coated  with 
Halar  for  cleanliness. 

Injector 

The  injector  is  a  removable  subassem- 
bly that  is  designed  to  transfer  liquid  from 
the  accumulator  to  the  storage  bottles.  It 
consists  of  a  solenoid  that  forces  a  dual 
needle  assembly  through  a  septum  in  the 
cap  of  the  storage  bottles,  a  heater  to 
prevent  liquid  from  freezing  in  the  needles 
and  switch  that  enables  the  controller  to 
detect  when  the  needles  are  retracted. 
The  septa  are  cut  from  a  special  high  tear 
strength  silicone  elastomer  to  withstand 
up  to  64  penetrations.  One  of  the  needles 
is  plumbed  to  a  vacuum  pump  and  the 
other  to  the  bottom  of  the  accumulator. 
The  controller  transfers  liquid  from  the  ac- 
cumulator to  the  storage  bottles  by  plung- 
ing the  needles  through  the  septum  and 
applying  suction  to  the  bottle  by  turning 
on  the  vacuum  pump  for  a  predetermined 
time  period.  As  a  safety  feature  the  con- 
troller will  not  automatically  operate  the 
needles  when  the  enclosure  door  is  open. 

Start-of-Event  Sensor 

The  start  of  event  sensor  (SOES)  func- 
tions by  detecting  the  lowered  resistance 
of  a  printed  circuit  board  grid  pattern  when 
the  grid  becomes  wet.  AC  excitation  of 
the  grid  prevents  long  term  degradation 
due  to  electrolysis.  A  heater  and  control 
electronics  within  the  SOES  housing  keep 
the  temperature  of  the  grid  above  3°C  in 
order  to  detect  frozen  precipitation.  A  short 
chimney  reduces  the  chance  that  frozen 
precipitation  will  bounce  out  of  the  SOES 
before  It  melts.  The  capability  to  force  the 
SOES  heater  on  is  provided  so  that  the 
gnd  may  be  dried  at  the  end  of  a  precipi- 
tation event. 

Materials 

Chemistry  and  material  compatibility 
questions  made  material  selection  one  of 
the  most  important  aspects  of  the 
sampler's  design.  Fortunately,  the  choices 
were  considerably  simplified  by  selecting 


from  a  list  of  materials  already  deemed 
acceptable  for  handling  NADP  samples. 

All  wetted  surfaces  were  fabricated  from 
materials  included  on  this  NADP  list  wrth 
one  exception.  The  collector  funnel  and 
cover  were  coated  with  Halar  ECTFE,  a 
copolymer  of  ethylene  and  chlorotrifluoro- 
ethylene.  It  gives  an  inert,  stable  surface 
that  should  avoid  the  potential  problems 
of  pinholes  and  porosity  sometimes  seen 
with  Teflon  coatings.  Both  silicone  and 
pvc  tubing  were  tested  in  the  accumula- 
tor. The  former  was  selected  based  on 
less  variation  in  its  inside  diameter  and 
less  tendency  to  take  a  set  in  the  pinch 
valves. 

The  materials  were  assessed  in  two 
ways:  1)  laboratory  testing  of  samples, 
and  2)  chemical  performance  tests  of  the 
completed  instrument. 

Results  and  Discussion 

The  field  tests  were  conducted  in  two 
modes.  In  the  first  procedure,  500  ml  of  a 
fairly  clean  water  standard  was  prepared 
and  stored  in  a  polyethylene  sample  bottle. 
At  the  start  of  the  sampling  week  200  ml 
was  poured  into  the  collector  and  pro- 
cessed by  the  instrument  into  sample  bottle 
#8.  At  the  end  of  the  week,  the  procedure 
was  repeated  and  the  liquid  was  passed 
into  sample  bottle  #7.  The  standard  and 
two  blanks,  along  with  whatever  precipita- 
tion that  was  collected  in  the  other  sample 
bottles,  were  sent  to  the  laboratory  for 
analysis.  We  were  looking  for  differences 
in  species  concentrations  between  the 
standard  and  the  blanks.  The  second 
procedure  involved  using  a  not  so  clean 
water  standard,  in  this  case  tap  water.  We 
were  looking  for  the  loss  of  species. 

Conclusions 

The  instrument  described  herein  per- 
formed satisfactorily  during  field  testing.  It 
demonstrated  the  ability  to  operate  in  a 
cold  winter  mountain  environment  while 
powered  by  four  automobile  batteries.  The 
removable  carrousel  of  sample  bottles 
proved  to  be  easy  to  replace  and  transport. 
tt  is  doubtful  that  the  instrument  can  be 
reproduced  in  quantity  for  $2,500.  That 
figure  will  probably  cover  the  cost  of  in- 
strument components  and  assembly,  but 
not  test,  product  support,  and  profit. 
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Richard  G.  Purcell  is  with  the  Atmospheric  Sciences  Center.  Desert  Research  Institute, 
Reno.  NV  89506  Rick  B  Brown  is  with  the  Energy  and  Environmental  Engineering 
Center.  Desert  Research  Institute.  Reno.  NV  89506. 
Steven  M.  Bromberg  is  the  EPA  Pro|ect  Otlicer  (see  below). 
The  complete  report,  entitled  "Snow/Ram  Collector  Sampler.'  (Order  No.  PB91- 
16760 1/AS:  Cost  $15  00.    subject  to  change)   will  be  available  only  Irom: 
National  Technical  Inlormation  Service 
5285  Pan  Royal  Road 
Spnnglield.  VA  22161 
Telephone   703-487-4650 
The  EPA  Project  OHicer  can  be  contacted  at: 

Atmospheric  Research  and  Exposure  Assessment  Laboratory 
US  Environmental  Protection  Agency 
Research  Triangle  Park,  NC  27711 
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Navy  Studies  Oil-Water  Separation 


Figure  1.  Cleaning  operation 
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Out  of  the  36  total  degreasers 
accepted  for  the  test  program  only 
two  passed  all  the  criteria,  and  one 
passed  all  except  the  surface  pH, 
which  was  9.5  —  a  marginal 
situation.  Ten  of  the  36  degreasers 
tested  passed  the  most  critical 
test — Persistance  of  Oil  in  the 
Wastewater  Phase.  The  materials 
that  can  be  recommended  at  this 
time  for  shipboard  degreaser- 
cleaning  applications  are  Sunshine 
-  Natrasol;  Unitor  -  Cleanbreak; 
and  Chemsearch  -  Duopower  (pH 
slightly  out  of  spec). 

The  Naval  Civil  Engineering 
Laboratory  fXCEL),  Port 
Hueneme,  California,  evaluated 
eight  degreasers  currently  used 
within  the  Navy  plus  28  possible 


alternative  degreasers  to 
determine  those  that  were 
effective  in  shipboard  cleaning 
operations,  while  avoiding  the 
bilge  water-oil  complication.  The 
goal  of  the  study  was  not  only  to 
find  such  materials  but  to  evaluate 
those  already  in  use  in  the  Navy 
and  to  determine  their  suitability 
for  continued  application. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahlgren,  VA  22448-5000 

(703)  663-8921 

Refer  to  160501/TN 
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Manufacturing,  Machinery  & 
Tools 


0861  Laser-Jet  Electroplating  Processing 

0862  Fabric  in  Living  Color 

0863  A  Compact  Gas/Tungsten-Arc  Welding  Torch — Despite  its  extremely 
small  size,  the  torch  contains  all  the  usual  components  and  delivers  high 
current.  (Licensing  Opportunity) 

0864  Tool  Removes  Coil-Spring  Thread  Inserts — The  inserts  are  wound  up  to 
ease  removal.  (Licensing  Opportunity) 

Testing  &  Instrumentation 

0865  Self-Aligning  Sensor-Mounting  Fixture — Optical  welding  sensors  can  be 
replaced  without  realignment.  (Licensing  Opportunity) 


#    Technology  Application 


Idaho  National  Engineering  Laboratory 


Laser-Jet  Electroplating  Processing 


Researchers  at  the  Idaho  National  En- 
gineering Laboratory  (INEL)  have 
demonstrated  the  potential  benefits  of 
a  high-speed,  laser-enhanced,  jet- 
electroplating  process.  This  process  is 
the  combination  of  two  very  powerful 
technologies  such  as  jet- 

clcctrochemistry,  and  laser  chemical 
processing.  Each  of  these  technologies 
offers  unique  capabilities.  Laser 
chemical  processing  offers  high 
precision,  the  ability  to  enhance  reac- 
tion kinetics  and  to  do  selective 
photochemistry.  Jet-electrochemistry 
provides  a  means  of  selective  high 
speed  in  sitii  processing.  Combining 
these  technologies  could  create  a  new 
set  of  tools  capable  of  fabricating 
materials  and  devices  that  can  be 
fabricated  no  other  way. 

In  this  process,  a  free-standing  jet  of 
plating  solution  is  sprayed  from  a  pres- 
surized chamber  through  a  nozzle  and 
impinges  upon  the  cathode  or 
workpiece.  The  laser  beam  passes 
through  a  window  behind  the  nozzle 
such  that  the  stream  of  electrolyte  acts 
as  a  light  guide,  directing  the  radiation 
to  the  workpiece.  An  external  voltage 
is  applied  between  the  workpiece  and 
the  counter-electrode  housed  in  the 
pressurized  chamber. 

The  use  of  a  free-standing  jet  in 
electroplating  processes  increases 
mass  transport  and,  therefore,  the  plat- 
ing rate.  Because  the  jet  also  serves  as 
the  only  current  path,  plating  is  thus 
restricted  to  the  impingement  region. 
After  impingement,  the  jet  breaks  up 
into  a  discontinuous  stream,  and 
electrical  continuity,  and  thus  the 
ability  to  deposit  metal  is  lost.  The 
laser  further  enhances  plating  rates 
and  selectivity  through  point-source 
heating  and  photochemical  excitation 


in  the  impingement  region.  This 
results  in  highly  increased  reaction 
rates,  boiling,  and  rapid  diffusion  of 
metal  ions  to  a  very  small  area.  Early 
data  also  indicates  that  the  laser  in- 
creases the  number  of  nucleation  sites 
and  reduces  the  void  area  commonly 
found  in  electroplate. 

With  this  process,  gold  has  been 
deposited  at  a  rate  1,000  times  faster 
than  conventional  bath  plating. 
Chromium  has  been  deposited  (with 
an  unoptimized  system)  at  a  rate  50 
times  faster  than  bath  plating.  The 
resulting  deposits  are  smoother  and 
void-free,  with  better  adhesion  of  the 
deposits  to  the  substrate.  Lower  resis- 
tivity and  smaller  crystals  are  noted 
with  laser-assisted  electrodeposition. 

The  ability  of  the  laser  to  alter  the 
morphology  of  the  deposit  might  be 
exploited  to  produce  a  variety  of  new 
products. 

Applications  can  be  envisioned  in 
areas  such  as  the  development  and 
production  of  nanocrystalline  coatings, 
composition  modulated  alloys,  shape 
memory  alloys,  and  superconductors. 
The  speed,  efficiency,  and  precision  of 
the  laser-jet  electrochemical  process- 
ing also  offers  potential  cost  reduc- 
tions that  result  from  a  more  efficient 
use  of  precious  metals,  reduced  energy 
consumption,  and  waste  treatment 
costs  that  result  from  longer  lasting 
coatings. 

Development  of  these  products 
depends  upon  the  further  development 
and  refinement  of  laser-enhanced  jet 
electroplating.  This  effort  will  involve 
the  careful  investigation  of  the  effects 
of  laser  parameters  on  electrodeposi- 
tion processes.  To  use  the  laser  effi- 
ciently, laser  parameters  such  as  mode 
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of  operation  (pulsed  or  continuous 
wave),  pulse  frequency,  power  density, 
and  wavelength  must  be  selected  with 
respect  to  the  voltage  applied  to  the 
substrate,  chemical  composition  of  the 
plating  solutions,  and  the  optical  and 
thermal  properties  of  the  workpiece. 
Inherent  in  the  use  of  a  jet  system  is 
the  need  to  determine  the  independent 
and  synergistic  effects  of  high-velocity 


electrolyte  flow  and  laser  irradiation. 

It  is  expected  that  the  final  configura- 
tion of  this  technology  will  be  a  com- 
puter-controlled, laser-enhanced  proc- 
essing system  fully  integrated  with  the 
advanced  technology  of  robotics. 


For    more    information    contact    Dick 
Holman,  (208)  526-8318.       # 
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Research  Technology 

Agricultural  Research  Service 

1^     U.S.  Department  of  Agriculture 


Fabric  in  Living  Color 


U.S.  Department  of  Agriculture  scien- 
tists are  expanding  the  menu  of  colors 
used  to  make  stone-washed  and  ice- 
washed  garments.  When  consumers 
buy  a  denim  garment,  their  color 
choices  are  pretty  well  limited  to  blue 
and  black.  But,  a  new  stone-finished 
technique  developed  by  USDA's 
Agricultural  Research  Service  makes  it 
easier  for  consumers  to  buy  denim  gar- 
ments in  a  multitude  of  colors. 

"Before  this  process  was  developed, 
color  selection  of  a  stone-washed  or 
ice-washed  garment  had  to  be  made 
before  it  even  became  a  garment,"  said 
Robert  J.  Harper,  research  chemist  at 
ARS'  Southern  Regional  Research 
Center  in  New  Orleans. 

"Blue  and  black  are  used  by  industry 
primarily  because  it  wants  something  it 
can  use  economically  in  large  volume. 
This  new  approach  is  designed  to 
produce  garments  in  a  wide  variety  of 
colors,"  said  Harper. 

The  new  process  is  achieved  by  inject- 
ing chemicals  that  either  attract  or 
repel  dyes  into  porous  volcanic  rocks 
called  pumice  stones,  which  are  used 
to  make  stone-washed  and  ice-washed 
garments. 

In  conventional  stone-washed  proces- 
ses, dyed  fabric  is  placed  in  a  tumbler 
with  the  porous  stones.  The  stones 
v/cai  down  the  fabric  surface,  creating 
an  irregular  pattern. 

A  more  irregular  pattern  occurs  on 
fabric  that  has  been  ice-washed.  This 
dyeing  technique  is  achieved  by  soak- 
ing porous  stones  in  bleach  or  other 
strong  oxides,  Harper  said.  These 
stones  are  placed  in  a  tumbler  with 


dyed  garments  and  the  bleach  removes 
dye  as  the  stones  come  in  contact  with 
the  fabric,  creating  the  irregular  look. 

The  new  stone-dyeing  methods  are 
based  on  an  ARS  patented  process 
that  allows  cotton  to  be  dyed  aifter  a 
no-wrinkle  finish  is  applied. 

In  one  technique,  fabric  is  placed  in  a 
tumbler  with  stones  soaked  in  chemi- 
cals that  carry  a  positive  charge  and 
accept  certain  dyes  once  fixed  in  the 
fabric,  Harper  said.  Only  those  areas 
of  the  fabric  touched  by  the  stones  will 
dye  during  a  subsequent  step. 

A  second  approach  is  soaking  stones 
in  alkaline,  which  removes  the  no- 
wrinkle  finish,  he  said.  The  areas  of 
fabric  touched  by  these  stones  repel 
dyes,  keeping  those  areas  white  for  an 
irregular  design. 

Both  methods  allow  industry  and 
retailers  to  be  more  responsive  to  con- 
sumer demand,  said  Harper. 

"With  this  method,  if  you  go  to  a  store 
it  will  be  easier  to  find  a  stone-washed 
jacket  in  a  variety  of  colors.  Under 
the  old  system,  you're  just  out  of  luck. 
You  also  get  the  no-wrinkle  advantage 
with  the  new  system,"  said  Harper. 

These  and  related  developments 
broaden  the  appearance  and  color  ran- 
ges that  can  be  produced  in  garment 
dyeing,  he  said.  "This  all  might  sound 
a  little  wild,  but  then  again,  who  would 
have  thought  that  stone-washed  jeans 
would  have  become  so  popular?"  Har- 
per added. 

For  details,  contact  Robert  J.  Harper, 
(504)  286-4567.       # 
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A  Compact  Gas/Tungsten-Arc  Welding  Torch 

Despite  its  extremely  small  size,  the  torch  contains  all  the  usual  components  and  delivers  high  current. 

A  compact  gas/tungsten-arc  welding 
torch  delivers  100-A  current,  yet  can  be  used 
in  confined  spaces  inaccessible  to  even  the 
smallest  commercially  available  torch.  The 
torch  is  only  3/8  in.  (9.5  mm)  high  and  1/2 
in.  (12.7  mm)  wide  (see  figure). 

The  torch  was  developed  for  welding  fuel 
lines  on  the  Space  Shuttle  main  engine 
(where  the  clearance  on  the  back  side  of 
the  weld  between  a  fuel  line  and  its  jacket 
is  about  Vi  in.,  too  small  to  permit  access 
by  a  commercial  welding  torch).  The  com- 
pact torch  should  also  be  useful  for  welding 
in  other  normally  inaccessible  locations. 

The  copper  cup  of  the  torch  is  plasma- 
spray-coated  with  zirconium  oxide.  The  coat 
insulates  the  torch  thermally  and  electrically 
The  welding  head  is  screwed  onto  the  han- 
dle of  the  torch;  it  can  thus  be  removed  and 
replaced  easily  and  quickly 

This  work  was  done  by  Gene  E. 
Morgan  of  Rockwell  Inernational  Corp.  for 
Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
MFS-29668/TN. 

George  C.  Marshall 
Space  Flight  Center 

Technology  Utilization 

Officer  Ismail  Akbay  '■,,■■ 

Code  AT01 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-2223  ! 

Patent  Counsel  ■   ' 

Leon  D.  Wofford,  Jr.  ■  ,■•..■,', 

Mail  Code  CC01  •      '   ,■ 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024  .  ,    > 


The  Compact  Torch  is  smaller  than  the  smallest  gas/tungsten-arc  welding  torch  on  the  market. 
The  torch  nevertheless  accommodates  the  usual  components,  including  an  inert-gas  lens  around 
the  electrode  holder.  •(,,;■,         -.    ,       • 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240;  (301)  621-0100  Ext.  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Tool  Removes  Coil-Spring  Thread  Inserts 

The  inserts  are  wound  up  to  ease  removal. 


Atool  removes  coil-spring  thread  inserts 
(e.g.,  Helicoil  or  equivalent)  from  threaded 
holes.  The  tool  effects  essentially  the  re- 
verse of  the  insertion  process  to  ease  re- 
moval and  avoid  further  damage  to  the 
threaded  inner  surface  of  the  hole. 

The  main  parts  of  the  tool  are  a  locating 
cylinder,  an  externally  threaded  disk,  a  shaft, 
and  a  handle  (see  figures).  A  different  tool 
must  be  used  for  each  hole  thread  because 
the  external  thread  on  the  disk  must  engage 
the  internal  thread  in  the  hole,  and  the  lo- 
cating cylinder  must  guide  the  tool  into  en- 
gagement with  the  internal  thread.  The 
threaded  disk  includes  a  cutout  that  imparts 
a  sharp  edge  to  the  forward  end  of  the 
thread. 

The  tool  is  slid  into  engagement  with  the 
hole,  then  turned  as  though  to  thread  it  in- 
to the  hole  (for  a  right-handed  thread  as  in 
the  figures,  clockwise  when  viewed  from 
the  outside  of  the  hole,  counterclockwise 
when  viewed  from  the  inside).  This  action 
causes  the  sharp  leading  edge  of  the 
thread  on  the  disk  to  pry  the  outer  end  of 

Spring  ^ 


Rotatable  ___U-<-L» 
Part  ol  aamp         y^ 


the  insert  away  from  the  inner  surface  of 
the  hole.  When  the  tool  comes  to  rest  after 
this  initial  motion,  the  end  of  the  insert  lies 
between  two  toothed  clamping  surfaces: 
one  stationary  in  the  disk  and  the  other  on 
a  part  that  rotates  about  a  pin  and  that  is 
pressed  against  the  insert  by  a  spring. 

The  tool  is  then  turned  in  the  opposite 
direction,  and  the  ratcheting  action  of  the 
rotatable  part  of  the  clamp  grips  the  end 
of  the  insert  tightly.  As  the  tool  continues 
to  turn,  this  action  winds  up  the  insert  to 
a  slightly  smaller  diameter,  thereby  reduc- 
ing the  friction  between  the  insert  and  the 
inner  surface  of  the  hole  as  it  threads  the 
insert  out  of  the  hole. 

This  work  was  done  by  Gerald  J.  Col- 
lins, Jr,  Gary  J.  Swenson,  and  J.  Scott 
McClellan  of  Morton  Thiokol,  Inc.,  for  Mar- 
shall Space  Flight  Center 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  l^arshail 
Space  Flight  Center  Refer  to 
MFS-28432/TN. 


Figure  1 .  The  Tool  Threads 
into  the  Hole,  pries  the  insert 
loose,  grips  the  insert,  then 
pulls  the  insert  to  thread  It  out 
of  the  hole. 
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EXPLODED  SIDE  VIEW  OF  TOOL 


Step  1 


Step  2 


OPERATION  OF  TOOL,  VIEWED  FROM  INSIDE  HOLE 


Figure  2.  The  Locating  Cyl- 
inder Has  Been  Removed 

to  show  the  working  end  of 
the  tool  more  clearly  in  this 
photograph. 
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Self-Aligning  Sensor-Mounting  Fixture 

Optical  welding  sensors  can  be  replaced  without  realignment. 


A  mounting  fixture  for  an  optical  weld-pen- 
etration sensor  enables  accurate  and  re- 
peatable  alignment.  Designed  for  use  on  a 
gas/tungsten  arc-welding  torch,  the  fixture 
replaces  a  multipiece  bracket  that  was  In- 
accurate and  fragile  and  required  time-con- 
suming custom  setup. 

The  new  fixture  includes  a  linen-phenolic 
frame  and  an  aluminum  sensor  holder  (see 
figure).  At  one  end  of  the  frame,  a  ring  en- 
circles the  gas  cup  of  the  torch;  at  the  other, 
a  pair  of  tracks  support  the  holder.  The  hold- 
er maintains  an  optical  sensor  at  an  angle 
of  47°  to  the  welding  plane,  an  angle  that 
provides  an  optimum  feedback  signal  from 
the  weld  pool. 

If  It  Is  necessary  to  replace  a  sensor,  the 
sensor  is  simply  removed  from  the  holder, 
and  a  new  one  is  inserted.  The  holder  auto- 
matically aligns  the  new  sensor  In  the  posi- 
tion and  orientation  of  the  previous  sensor. 
If  It  is  necessary  to  move  the  sensor  to  ac- 
commodate a  longer  or  shorter  cup  or  elec- 
trode, a  setscrew  on  the  bottom  of  the  holder 
is  loosened,  and  the  holder  is  translated 
along  the  tracks  until  it  once  again  points 
directly  at  the  weld  pool.  The  holder  keeps 
the  sensor  at  the  same  47°  viewing  angle. 

Adjusting  screws  serve  to  remove  side 
play  from  the  holder  The  phenolic  frame  In- 
sulates the  holder  electrically  from  the  torch. 

This  work  was  done  by  Jeffrey  L  Gilbert 
and  Rhonda  J.  Mills  of  Rockwell  Interna- 
tional Corp.  for  Marshall  Space  Flight 
Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space     Flight     Center.     Refer     to 
MFS-29663/TN.    .....  ^ 
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The  Sensor-Mounting  Fixture  is  simple  and  easy  to  use.  Assembled  on  a  welding  torch,  it  holds 
the  sensor  securely  and  keeps  it  pointed  toward  the  weld  pool.  / 
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Research  Technology 

Agricultural  Research  Service 

0  U.S.  Department  of  Agriculture 


New  Dyeing  Technique 


A  new  dyeing  technique  could  increase 
tlie  selection  of  colorful,  wrinkle-free 
cotton  garments  available  to  con- 
sumers. Currently,  only  garments  that 
do  not  have  a  wrinkle-free  finish  can 
be  dyed  upon  demand  because  fabrics 
can't  be  dyed  after  the  no-wrinkle 
finish  is  applied.  This  leaves  con- 
sumers with  fewer  choices  of  wrinkle- 
free  clothing  on  store  racks. 

But,  U.S.  Department  of  Agriculture 
scientists  have  patented  a  process  that 
now  allows  industry  to  apply  a  no- 
wrinkle  finish  to  cotton  fabric  before 
the  garment  is  dyed.  The  new  tech- 
nique allows  no-wrinkle  cotton  fabric 
to  be  dyed  upon  demand. 

'The  chemical  bond  created  when 
fabric  is  treated  and  heated  for  a 
wrinkle-free  finish  repels  dyes,"  said 
Eugene  Blanchard  of  ARS'  Southern 
Regional  Research  Center  in  New  Or- 
leans. If  the  no-wrinkle  finish  isn't  ap- 
plied to  fabric  before  making  a  gar- 
ment, it's  a  slow  and  uneconomical 
process  for  textile  companies  to  dye 
garments  upon  demand  and  then  apply 
the  no-wrinkle  finish,  he  explained. 

The  cotton  fiber  has  to  swell  to  ac- 
commodate the  molecular  size  of  the 
dye,"  said  Blanchard.  "Once  the  fabric 
is  healed  and  treated  with  a  no-wrinkle 
finish,  it  won't  accept  those  molecules 
like  an  untreated  fabric." 

So,  if  red  is  this  year's  color  but  con- 
sumers demand  yellow,  the  retailers 
might  end  up  with  overstocked 
warehouses  of  wrinkle-free  red  gar- 
ments that  have  to  be  marked  down 


for  sale. 

Blanchard  and  co-inventor  Robert  M. 
Reinhardt  have  added  to  the  no- 
wrinkle  finish  solution  a  variety  of 
quaternary  ammonia  salts,  which  are 
found  in  products  such  as  fabric  sof- 
teners. A  positive  charge  given  to  the 
fabric  by  this  modified  no-wrinkle 
finish  attracts  dyes,  allowing  no- 
wrinkle  cotton  to  be  dyed. 

The  chemists  at  the  New  Orleans 
center's  Textile  Finishing  Chemistry 
Research  Unit  also  found  that  a 
derivative  of  triethanolamine,  a  chemi- 
cal found  in  some  hand  lotions  and 
shampoos,  can  be  used  as  an  additive 
in  the  no-wrinkle  finish  formula  to  ac- 
cept dyes.  This  technique  has  also 
been  patented. 

These  additives  allow  a  wide  variety  of 
dyes  to  be  used  in  coloring  garments, 
Blanchard  said. 

"The  additives  have  a  positive  charge 
which  attracts  the  dye  through  chemi- 
cal association,"  said  Blanchard. 
"When  untreated  cotton  fabric  is  dyed, 
only  certain  classes  of  dyes  can  be 
used.  However,  the  new  treated  fabric 
will  accept  other  dyes,  some  of  which 
are  used  for  dyeing  synthetic  fibers, 
such  as  nylon." 

The  new  dying  technique  should  in- 
crease cotton's  marketability  against  its 
synthetic  competitor,  Blanchard  said. 
Also,  he  said  washing  tests  have  shown 
that  fabric  dyed  using  the  new  process 
retains  about  as  much  color  as  non- 
finished  fabric. 


FOR  ADDITIONAL  INFORMATION:   For  more  information,  contact  Eugene  J.  Blanchard  or  Robert  M. 
Reinhardt,  (504)286-4495. 
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Technology  Assessment 

U.S.  Air  Force 


Integrated  Design  Support 


Funded  by  the  Air  Force  Human  Resources  Laboratory, 
Integrated  Design  Support  (IDS),  an  emerging  Computer 
Aided  Logistics  Support  (CALS)  standard,  is  an  advanced 
development  effort  to  create  and  to  demonstrate  an 
information  system  concept  for  gathering  and 
disseminating  critical  technical  engineering  data  during  the 
entire  weapon  system  life  cycle,  ftom  requirements 
definition  through  design  manufacturing,  deployment,  and 
logistics  support 

The  first  goal  of  the  program  is  to  define  the  exact  critical 
set  of  technical  data  required  to  support  a  weapon  system 
throughout  its  life  cycle.  The  results  of  this  effort  is  the 
Product  Data  Control  Model  (PDCM),  and  IDEF IX  entity 
relationship  data  model.  The  PDCM  has  been  extensively 
reviewed  by  both  government  and  industry,  and  the 
program  maintains  a  leadership  role  within  the  Product 
Data  Exchange  Specification  (PDES),  another  emerging 
CALS  standard  using  STEP.  The  PDCM  contains  over  800 
entities  and  represents  the  most  comprehensive  information 
model  for  a  generic  weapon  system  life  cycle  in  existence. 

A  second  goal,  which  complements  the  first  goal,  is  to 


define  the  specifications  for  an  informatiOTi  system  that  can 
effectively  manage  the  massive  and  complex  model  defined 
by  the  PDCM.  In  IDS,  this  is  referred  to  as  the  Integrated 
Resource  Control  System  (IRCS),  which  is  a  data 
dicti(Miary  or  repository  that  holds  the  PIXIM  as  the 
enterprise  conceptual  schema  and  provides  the  mappings 
among  extemal,  conceptual,  and  internal  schemas.  The 
IRCS  also  is  the  main  integrating  component  in  a 
distributed,  heterogeneous  computing  environment  IDS 
participates  in  the  (MIST)  Integrated  Resource  Directory 
System  Committee  (IRDS),  another  emerging  CALS 
standard.  The  IRCS  is  envisioned  to  be  a  fully  active,  three- 
schema  repository  that  support  ad-hoc  query  and  dynamic 
schema  mapping. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this 
effort  further,  contact:  Project  Engineer:  Jeffrey  R. 
Ashcom,  Air  Force  Manufacturing  Technology  Program, 
ATTN:  AFWALAVL/MTIA,  Wright  Patterson  AFB,  OH 
45433-6533;  (513)255-6976.  Refer  to  contract: 
F33615-87-C-3251.  ': 
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Technology  Assessment 

U.S.  Air  Force 


Intermediate  Composite  Case  Airfoils  and  Supporting 
Structure 


Phase  Va  of  tiie  ongoing  Pratt  &  Whitney  MANTECH 
engine  project  is  to  take  composites  one  step  further  back  in 
the  engine  where  temperatures  reach  600°F  to  700°F.  One 
structure,  with  a  large  potential  weight  savings  of  30 
pounds,  is  the  intermediate  case  airfoil  assembly.  The 
intermediate  case  is  currently  a  large,  complex  titanium 
casting  that  supports  the  frcmt  engine  bearings,  maintains 
blade  clearances,  handles  multiple  engine  loads,  and  directs 
airflow  into  both  the  high  compressor  and  the  by-pass  duct. 
The  intermediate  case  consists  of  an  assembly  of  hollow 
airfoils,  or  struts,  that  transmit  substantial  loads. 

The  composite  intermediate  case  has  been  designed  to  fit 
the  joint  expendable  turbine  engine  for  demonstration  in  an 
upcoming  engine  test  This  case  can  easily  be  redesigned  for 
the  F 11 9-5000  advanced  tactical  fighter  engine  for 
consideration  as  a  weight  saving  possibility,  thus  allowing 
greater  thrust-to- weight  ratios . 

The  composite  case  program  has  already  succeeded  in 
producing  the  most  complex  Avimid-N  composite  structure 
in  the  world.  This  subscale  (approximately  half-scale)  case 
was  recently  completed  at  E.I.  duPcmt  de  Nemours  and 
Company  and  showed  very  good  consolidatiorL  Ongoing 


static  testing  and  testing  to  failure  of  the  half-scale  case  will 
help  identify  any  problem  areas  for  the  full-scale  case 
fabrication. 

Currently,  duPont  is  laying  up  its  first  full-scale 
intermediate  case.  The  contract  calls  for  delivery  of  two 
full-scale  cases.  A  program  review  on  25  April  1991  will 
finalize  plans  for  the  delivery  of  the  cases  and  subsequent 
engine  test  later  this  summer.  The  technical  work  will  be 
completed  either  in  July  or  August,  with  the  end-of-contract 
report  due  January  1992. 

A  status  update  on  the  intermediate  case  program  will  be 
briefed  at  the  Ninth  DOD/NAS  A/FAA  Conference  on 
Fibrous  Composites  Instructural  Design  scheduled  4-7 
November  1991  inLakeTahoe,  Nevada. 


FOR  ADDITIONAL  INFORMATION:  To  discuss  this 
effort  further,  contact:  Project  Engineer:  Ken 
Ronald,  Air  Force  Manufacturing  Technology  Program, 
ATTN:  AFWAL/WL/MTPN,  Wright  Patterson  AFB,  OH 
45433-6533;  (513)255-7278.  Refer  to  contract: 
F33615-85-C-5152. 


868 


NAVY 


Manufacturing 

Technology 

Program 


Avoid  Surprises 


BEST  PRACTICES  -  How  to  Avoid 
Surprises  in  the  World's  Most  Compli- 
cated Technical  Process,  a  manual 
developed  by  the  Department  of  the 
Navy,  has  proven  to  be  an  invaluable 
aid  to  the  engineer  concemed  with  the 
design,  test,  and  production  of  weapon 
systems.  Main  topics  covered  in  the 
manual  are  funding,  design,  test,  pro- 
duction, transition  planning,  facilities, 
logistics,  and  management.  Under  each 
main  topic  are  subtopics  which  show 
the  critical  path  template.  Each  subtopic 
also  has  a  corresponding  section  that 
compares  the  benefits  of  the  best  prac- 
tices to  the  consequences  of  the 
currently  used  approach. 

Originally  a  product  of  the  Reliability, 
Maintainability,  and  Quality  Assurance 
Directorate  of  the  Office  of  the  Assistant 


Secretary  of  the  Navy,  the  manual  is 
now  available  on  HyperCard,  a  common 
application  accompanying  most  Macin- 
tosh computer  systems.  The  conversion 
of  this  manual  to  disk,  and  the  distribu- 
tion of  the  softcopy  version,  is  a  project 
of  the  PE  Tools  program,  which  is  ad- 
ministered by  the  Production 
Engineering  Division,  U.S.  Army  Missile 
Command,  Huntsville,  Alabama.  A 
maximum  request  of  one  copy  of  the 
BEST  PRACTICES  HyperCard  applica- 
tion can  be  obtained  free  of  charge  by 
submitting  your  request  to  the  following: 

Commander 

U.S.  Army  Missile  Command 

AMSMI-RD-SE-PE 

Attn:  PE  Tools 

Redstone  Arsenal,  AL  35898-5270 
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Department  of  Defense  Fact  Sheet 

Strategic  Defense  Initiative  Organization 

Ion  Beams  Improve  Surface  Features 

In  a  program  funded  by  SDIO  through  the  U.S.  Army  Strategic  Defense  Command,  Spire 
Corporation  (Bedford,  Mass.)  is  using  ion  beams  to  texture  the  surface  of  optical  baffle 
materials  for  advanced  sensors.   The  baffles  are  used  in  optical  systems  to  increase  pointing 
accuracy  by  rejecting  stray  light.    Spire  employes  ion-beams  to  control  the  shape  of  the  baffle 
material's  surface.    They  direct  a  1  to  1.5  kilo  electron-volts  (keV)  ion  beam  at  an  aluminum 
surface  with  impurities  on  the  surface.   The  beam  carves  a  texture  into  the  surface,  and  makes 
it  non-reflective  (see  Figure  1). 

Surface  features  can  be  changed  by  altering  the  process  parameters.  This  technique  creates 
intricate  textures,  measuring  only  a  few  microns,  on  metal  surfaces,  while  dramatically 
increasing  surface  area.   This  method  increases  the  material's  ability  to  adsorb  light  without 
reducing  its  mechanical  strength. 

In  addition  to  sensors,  ion  beams  can  texture  the  surface  of  telescope  baffles.   Previously,  the 
telescope  baffles  were  surface  treated  with  anodized  acid-bath  aluminum,  which  was  easily 
damaged  by  handling  and  vibration.   Ion  beam  texturing  creates  a  surface  that  is  harder  and 
darker  than  aluminum.    The  surface  also  isn't  as  sensitive  to  vibration  or  handling. 

Another  potential  application  of  ion  beams  is  to  treat  the  surface  of  solar  radiators.    Solar 
radiators  are  part  of  the  spacecraft  thermal  control  system  and  radiate  heat  from  the  satellite  to 
cold  space.   The  texturing  increases  the  surface  area  -  leading  to  faster  an  more  efficient 
cooling. 

Spire  is  also  texturing  the  surface  of  cardiac  pacemaker  electrodes  (Spire  won  the  SDI 
Technology  Applications  Award  for  this  innovation).    Ion  texturing  increases  the  surface  area  of 
the  electrode  tips,  which  improves  tissue  attachment  and  decreases  contact  resistance.   Because 
of  the  improved  contact  surface,  ion  texturing  reduces  the  pacemaker  battery  size  by  50%, 
while  tripling  the  battery  lifetime.    The  batteries  can  now  last  10  to  12  years. 

At  Oak  Ridge  National  Lab,  researchers  are  using  ion  beams  to  modify  the  surface  of  artificial 
hips  and  knees.   Texturing  the  surface  of  proshetic  devices  with  an  ion  beam  provides  additional 
contact  area,  allowing  the  implant  to  attach  better  to  the  bone  and  surrounding  tissue. 


Energetic  Base 

Ions  Material 


Figure  1 
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The  method  can  also  modify  the  surface  of  special  application  petri  dishes,  where  burn  therapy        i 
cell  cultures  grow.    The  dishes  enhance  the  growth  of  epithelial  cells,  which  secrete  their  own 
collagen.   The  cells  help  to  repair  the  skin  of  burn  patients.    In  the  future,  the  goal  is  to  create  a 
textured  surface  sheet  which  will  cover  a  wound,  and  upon  which  new  skin  cells  can  grow. 

Another  company.  Universal  Energy  Systems  (Dayton,  Ohio),  is  depositing  self-lubricating 
coatings  on  turbine  engine  components,  using  a  process  that  combines  electron  beam  evaporation 
and  ion  implantation.   The  process  sythesizes  a  composite  coating  {BaF2/CaF2/Ag)  in  the  near- 
surface  region  of  a  nickel-based  superailoy. 

The  new  coating  is  less  porous  and  adheres  better  to  the  substrate  than  previous  methods,  such 
as  plasma  spray,  or  vacuum  and  thermal  deposition.    Ion  beam  processing  of  self-lubricating 
coatings  will  be  useful  in  turbine  engines,  automotive  engines,  and  cutting  tools.        .  ...,     ,.^ 

FOR  ADDITIONAL  INFORMATION:  Contact:  Technology  Applications  Office,  Strategic  Defense 
Initiatives  Organization,  OSD/SDIO/TNI,  The  Pentagon,  Washington,  DC  20301-7100; 
(703)693-1563.  '       ' 
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Growing  Cobalt  Sillcide  Columns  in  Silicon 

Codeposition  by  molecular-beam  epitaxy  would  yield  a  variety  of  structures. 


A  proposed  fabrication  process  would 
produce  three-dimensional  nanometer-sized 
structures  on  silicon  wafers.  It  would  enable 
control  of  tine  dimensions  of  metal  and 
semiconductor  epitaxial  layers  in  three  di- 
mensions instead  of  the  usual  single  di- 
mension (perpendicular  to  the  plane  of  the 
substrate).  The  process  might  be  used  to 
make  arrays  of  highly  efficient  infrared  sen- 
sors, high-speed  transistors,  and  quantum 
wires,  for  example. 

In  an  experimental  version  of  the  proc- 
ess, cobalt  and  silicon  are  deposited  to- 
gether by  molecular-beam  epitaxy  on  a  sil- 
icon substrate  in  the  atomic  ratio  of  about 
1:10.  The  silicon-rich  mixture  produces  a 
layer  of  single-crystal,  epitaxially  aligned 
columns  of  cobalt  sillcide  (CoSi2)  in  a  sili- 
con matrix  (Figure  1).  The  columns  are 
about  50  nm  across,  200  nm  apart,  and  — 
depending  on  the  total  amount  of  material 
deposited  — 100  nm  high.  Other  diameters 
and  spacings  can  be  produced  by  adjusting 
the  ratio  of  cobalt  to  silicon,  the  temperature 
of  the  substrate,  and  the  rate  of  deposition. 
In  the  proposed  process,  CoSi2  columns 
would  be  started  and  stopped  by  turning  the 
cobalt  beam  on  and  off  during  deposition. 

For  the  fabrication  of  electronic  devices, 
both  the  shapes  and  the  locations  of  the 
columns  would  have  to  be  controlled.  One 
possible  technique  for  doing  this  is  elec- 
tron-beam lithography  [See  "Making  Sub- 
micron  GoSi2  structures  on  Silicon  Sub- 
strates" (NPO-17736),  NASA  Tech  Briefs 
Vol.  13,  No.  9  (September,  1989),  page  105]. 
An  electron  beam  could  be  used  to  crys- 
tallize selected  sites  on  a  layer  of  amor- 
phous CoSi2,  and  then  the  amorphous  ma- 
terial surrounding  the  single-crystal  sites 
would  be  selectively  etched  away  If  a  new 
layer  were  then  added  by  silicon-rich  mo- 
lecular-beam epitaxy,  it  seems  likely  that 
the  CoSi2  columns  would  be  located  pre- 
dominantly on  the  crystallized  sites,  and  the 
silicon  matrix  would  form  around  them.  It 
may  even  be  possible  to  form  walls,  in  ad- 
dition to  columns,  of  CoSi2  by  this  method. 

If  free-standing  columns  are  needed,  the 
silicon  matrix  could  be  removed  by  plasma 
etching  in  carbon  tetrafluoride,  which  at- 
tacks silicon  100  as  fast  as  it  attacks  CoSi2. 
Thus,  all  the  nnatrix  could  be  removed  before 
the  columns  were  altered  substantially 


.•  -■»    -^ 


Figure  1.  Cobalt  Sillcide  Columns  Are  Embedded  in  a  silicon  matrix,  as  shown  in  this  cross- 
sectional  transmission  electron  micrograph.  The  columns  rest  on  a  silicon  substrate. 
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Figure  2.  A  Variety  of  Device  Structures  are  possible  with  cobalt  and  silicon  codeposition  by 
molecular-beam  epitaxy.  The  structures  can  be  fabricated  in  fewer  steps  than  in  conventional 
processes  and  offer  either  improved  or  entirely  new  properties. 


Metal/semiconductor  systems  other  than 
cobalt/silicon  are  also  promising  for  the 
grov/th  of  columns.  They  include  nickel/sili- 
con, and  platinum/silicon.  Germanium/ger- 
manide  and  compound  semiconductors 


may  also  be  suitable. 

A  variety  of  devices  might  be  made  by  the 
proposed  three-dimensional-fabrication 
technique.  These  include  the  following  (see 
Figure  2): 
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•  The  metal  contact  of  a  Schottky  diode 
would  be  formed  as  a  comblike  silicide 
stojcture  TTiis  would  increase  the  quantum 
efficiency. 

•  Vertical  "wires"  of  CoSi2  would  be  formed 
in  a  silicon  matrix.  The  diameter  of  the  wires 
would  be  so  small  —  only  a  few  nanome- 
ters —  that  quantum  electronic  effects 
would  come  into  play  The  quantum  wires 
would  have  novel  electrical  and  optical 
properties  that  could  lead  to  entirely  new 
types  of  semiconductor  devices. 

•  Horizontal-geometry  versions  of  such  de- 
vices as  the  metal-base  transistor  and  the 
permeable-base  transistor  could  be  fabri- 
cated. The  fabrication  of  such  devices 


would  require  fewer  processing  steps  than 
those  of  vertical-geometry  devices. 
•  Layers  of  short  silicide  columns  embedded 
in  the  silicon  matrix  could  be  used  as  inter- 
nal photoemission  detectors. 
This  work  was  done  by  Robert  W. 
Fathauer  of  Caltech  for  NASA's  Jet  Pro- 
pulsion Laboratory. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  has  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  should  be  addressed  to  the 
Patent  Counsel,  NASA  Resident  Office- 
JPL  Refer  to  NPO-17835/TN. 


Jet  Propulsion  Lab. 

NASA  Resident  Office 
Technology  Utilization 
Officer  Gordon  S. 
Cfiapman 
Mail  Stop  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-4849 
Patent  Counsel 
Paul  F.  McCaul 
Mail  Code  180-801 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2734 
Technology  Utilization 
fVlgr.  for  JPL  Norman 
L  Chalfin 
Mail  Stop  156-211 
4800  Oak  Grove  Drive 
Pasadena,  CA  91109 
(818)  354-2240 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director,  Technology  Transfer  Division.  PC.  Box  8757, 
BWI  Airport,  I^D  21240;  (301)  621-0100  Ext.  241 
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Silane-Pyrolysis  Reactor  With  Nonuniform  IHeating 

Improved  control  of  the  pyrolysis  conditions  inhibits  the  formation  of  undesired  hard  silicon  crust. 
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Figure  1 .  This  Free-Space  Silane-Pyrolysis  Reactor  features  a  set  of 
individually  adjustable  electrical  heaters  and  a  purge  flow  of  hydrogen 
to  improve  control  of  the  pyrolysis  conditions 


Figure  2.  The  Power  Supplied  to  Each  Heater  is  set  in  conjunction  with 
the  flow  in  the  reactor  to  obtain  the  desired  distribution  of  temperature  as 
a  function  of  position  along  the  reactor 


An  improved  reactor  serves  as  the  last 
stage  in  a  system  that  processes  metal- 
lurgical-grade silicon  feedstock  into  silicon 
powder  of  ultrahigh  purity  In  the  reactor, 
silane  is  pyrolized  to  silicon  pow/der  and 
hydrogen  gas  via  a  homogeneous  decom- 
position reaction  in  free  space. 

In  the  reactor  (see  Figure  1),  a  turbulent 
stream  of  silane  is  injected  downward  from 
a  nozzle  at  the  top  into  a  zone  surrounded 
by  electrical  heaters.  The  incoming  silane 
stream  mixes  with  a  recirculating  flow  of 
hot  gasses;  this  heats  the  silane  and  causes 
it  to  decompxDse  into  the  product  silicon 
powder  and  hydrogen  gas.  Downstream 
of  this  recirculation/mixing/reaction  zone, 
the  flow  becomes  essentially  a  downward 
pipe  flow  consisting  of  the  stream  of  spent 


hydrogen  and  suspended  fine  particles  of 
silicon.  A  quartz  liner  helps  to  keep  the 
product  pure  by  preventing  chemical  reac- 
tions with  the  metal  outer  wall  of  the  reac- 
tor The  hydrogen  is  removed  through  filters 
and  recycled  to  an  earlier  stage  of  the  over- 
all process,  while  the  silicon  particles  fall 
into  a  hopper  for  subsequent  collection. 
Some  silicon  powder  adheres  loosely 
to  the  inner  surface  of  the  quartz  liner  From 
time  to  time,  this  powder  is  removed  by  a 
scraper  actuated  by  an  external  air-cylinder 
mechanism.  In  a  previous  version  of  the 
reactor,  heating  by  uniformly  spaced  induc- 
tion coils  resulted  in  a  highly  nonuniform 
distribution  of  temperature,  which  in  turn 
caused  the  deposition  of  a  hard  crust  of 
silicon  near  the  inlet.  Often,  these  hard 


silicon  deposits  could  not  be  removed 
readily  by  the  scraper  and  led  to  failure  of 
the  quartz  liner  In  the  improved  reactor, 
the  average  power  fed  to  each  heater  zone 
is  adjusted  to  a  different  value  in  accord- 
ance with  the  flow  conditions  so  that  the 
temperature  on  the  wall  along  the  reaction 
zone  lies  between  800  and  1,000  °C  (see 
Figure  2)  —  high  enough  to  decompose  the 
silane  but  not  high  enough  to  melt  the  sili- 
con (which  would  later  freeze  into  the  hard 
crust).  The  nonuniform  heating  pattern  is 
also  adjusted  so  that  the  temperature  at 
the  inlet  and  outlet  is  kept  near  ambient 
(100  to  200  "0)  to  prevent  chemical  reac- 
tions with  the  nozzle,  the  reactor  vessel, 
and  the  hopper. 

In  the  previous  version  of  the  reactor, 
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silane  migrated  into  the  space  between  the 
quartz  liner  and  the  metal  wall,  where  it 
corroded  the  wall.  In  the  improved  reac- 
tor, a  relatively  inert  gas,  which  could  be 
hydrogen  recycled  from  the  exhaust  ports 
on  the  hopper,  is  continually  fed  through 
the  space  between  the  metal  wall  and  the 


liner  to  purge  this  space  of  silane. 

This  work  was  done  by  Sridhar  K.  lya 
of  Union  Carbide  Corp.  forNASA's  Jet 
Propulsion  Laboratory. 

In  accordance  with  Public  Law  95-517, 
the  contractor  has  elected  to  retain  title 
to  this  invention.   Inquiries  concerning 


rights  to  its  commercial  use  should  be  ad' 
dressed  to 

Union  Carbide  Corporation 

39  Old  Ridgebury  Road 

Danbury,  CT  06817-0001 
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Studying  Molecular  Interactions  By  Biocalorimetry 


The  Biocalorimetry  Center,  located  in  the  department  of  biology  at  The  Johns  Hopkins  University  in  Baltimore, 
Maryland,  is  the  only  facility  in  the  country  dedicated  to  studying  the  minute  energy  changes  that  occur  at  the 
molecular  level  during  biological  processes.  The  center  integrates  biological,  electronic,  and  computer 
technologies  to  quantitate  the  thermodynamics  of  the  molecular  interactions  that  form  the  basis  of  biological 
function. 

"Biocalorimetry  in  general  is  the  collection  of  all  the  methodologies  that  allow  us  to  measure  directly  the  energetics 
of  biological  processes,"  explains  Dr.  Ernesto  I.  Freire,  the  Center's  director  and  principal  investigator.  "You  can 
name  any  biological  process;  they  all  absorb  or  release  energy.  We  want  to  answer  such  questions  as,  'How  much 
energy  is  required  for  a  protein  to  fold  into  a  functional  conformation  [the  shape  in  which  it  will  be  able  to 
function]?'  'How  much  energy  is  required  for  a  ligand  molecule  to  bind  to  another  molecule?'  'How  much  energy 
is  required  for  a  molecule  to  bind  to  a  cell  surface  receptor?' 

"The  hope  is  that  once  a  particular  process  is  understood  it  can  be  modified  at  will.  The  entire  process  can  be 
manipulated  if  the  energy  can  be  manipulated.  To  do  this  one  must  know  how  much  energy  is  required  for  the 
process  to  take  place  and  know  the  sources  of  the  energy,"  he  says. 


Dr.  Ernesto  I.  Freire  is  adjusting  an 
instrument  at  ttie  Biocalorimetry  Center 
at  Jolins  Hopl<ins  University. 
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Although  this  general  principle  has  been  known  for  many  years,  the  ability  to  measure  precisely  the  energetics  of 
molecular  events  is  a  very  recent  development.  "There  has  been  a  technological  revolution  in  this  field  in  the  last 
few  years,"  Dr.  Freire  says,  which  led  to  the  establishment  of  the  Biocaelorimetry  Center  in  1988.  The  Center  is 
supported  by  the  Biomedical  Research  Technology  Program  of  the  National  Center  for  Research  Resources. 

Beyond  collaborating  with  academic,  industrial,  and  government  researchers  in  the  general  study  of  biological 
energetics,  the  Center's  objectives  are  to  develop  and  test  new  calorimetric  technologies  and  to  develop  new 
applications  for  these  technologies  in  the  biomedical  sciences.  Currently,  the  focus  is  on  three  particular  state-of- 
the-art  techniques:  high-sensitivity  isothermal  titration  calorimetry,  high-sensitivity  differential  scanning 
calorimetry,  and  lime-resolved  multifrequency  calorimetry. 

Isothermal  titration  calorimetry  measures  energetics  of  processes  occurring  at  a  constant  temperature.  Since  most 
biological  processes  occur  isothermally,  "the  range  of  applications  for  this  technique  is  enormous,"  Dr.  Freire  says. 

"We  can  measure  processes  such  as  the  binding  of  molecules  to  proteins  or  to  cell  surface  receptors.  We  can  also 
measure  enzymatic  reactions  and  interactions  between  macromolecules  such  as  proteins  and  DNA. 

"We  have,  for  example,  determined  the  energetics  of  the  process  by  which  cholera  toxin  binds  to  a  cell  surface 
receptor.  Cholera  toxin  is  a  protein  that  is  secreted  by  the  microorganism  Vibrio  cholerae;  it  contains  two  different 
subunits.  One  subunit  binds  to  a  receptor  on  the  surface  of  the  target  cell,  the  other  penetrates  the  cell  membrane 
and  causes  the  toxic  effects.  Our  studies  have  been  aimed  at  determining  how  the  binding  subunit  of  the  toxin 
molecule  binds  to  the  cell  surface  receptor  and  the  forces  that  drive  that  process."  The  objective  is  to  abolish  the 
toxic  effects  by  preventing  the  toxin  from  attaching  to  the  host  cells. 

"In  other  words,  rather  than  trying  to  engineer  molecules,  we  try  to  engineer  the  process.  This  strategy  provides  a 
more  solid  background  for  a  rational  approach  to  protein  design  and  protein  engineering,"  Dr.  Freire  says. 

Differential  scanning  calorimetry  allows  scientists  to  measure  structural  transitions  in  biological  macromolecules 
such  as  the  folding  and  unfolding  of  proteins,  structural  changes  in  nucleic  acids,  and  phase  transitions  in 
membranes.  Currently  the  Center  investigators  are  trying  to  dissect  and  measure  the  forces  that  determine  the 
structure  of  proteins.  This  research  is  being  performed  in  collaboration  with  visiting  Professor  P.  L.  Privalov  of  the 
Institute  for  Protein  Research  at  the  Academy  of  Sciences  of  the  Soviet  Union.  An  outgrowth  of  this  technique, 
time-resolved  multifrequency  calorimetry,  measures  not  just  how  much  energy  a  biological  process  requires  but 
also  the  time  frame  in  which  it  occurs.  The  Biocalorimetry  Center  is  the  only  facility  he  is  aware  of  that  has  this 
technology.  Dr.  Freire  says. 

The  Center  also  is  equipped  with  a  computer  laboratory  for  data  processing  and  analysis,  modeling  the  behavior  of 
biological  systems,  and  design  and  simulation  of  new  calorimetric  instrumentation.  Development  of  computer 
software  to  support  these  goals  is  another  prime  function  of  the  Biocalorimetry  Center,  according  to  Dr.  Martin 
Straume,  director  of  operations. 

To  assist  visiting  scientists,  the  Center  also  houses  a  biochemical  laboratory  for  sample  preparation  and  analysis. 
This  includes  a  wet  laboratory,  cold  room,  centrifuges,  spectrophotometer,  and  chromatography  and  electrophoresis 
equipment. 

The  staff  of  approximately  10  specialists  in  calorimetry  and  thermodynamics,  biochemists,  computer  programmers, 
and  instrument  designers  can  assist  visiting  researchers  in  experimental  design,  sample  manipulation,  data 
acquisition  and  analysis,  and  modeling.  Dr.  Straume  says. 

Training  scientists  in  calorimetry  and  thermodynamics  is  another  objective  of  the  Center.  Scientists  from  all  over 
the  country  participate  in  calorimetry  workshops  held  at  the  Center. 

FOR  ADDITIONAL  INFORMATION:  For  more  information  about  the  Biocalorimetry  Center  contact:  Ernesto  I. 
Freire,  Ph.D.,  Biocalorimetry  Center,  Department  of  Biology,  The  Johns  Hopkins  University,  Baltimore,  MD 
21218,  Telephone:  (301)338-7917. 
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Technology  Application 


Brookhaven  National  Laboratory 


Fluorometer 


Two  researchers  from  Brookhaven  Na- 
tional Laboratory,  Zbigniew  Kolber 
and  Paul  Falkowski,  were  awarded  a 
patent  for  their  design  of  a  computer- 
controlled  fluorometer  for  making 
rapid  and  accurate  measurements  of 
plant  and  phytoplankton  photosyn- 
thetic  parameters. 

A  fluorometer  is  an  instrument  to 
measure  the  fluorescent  radiation 
emitted  by  a  sample  when  it  is  exposed 
to  monochromatic  radiation.  Kolber 
and  Falkowski's  patented  fluorometer 
is  a  portable  and  submersible  device 
designed  to  take  fluorescent  readings 
from  phytoplankton  and  underwater 
plants  in  sitii  in  the  ocean. 

The  new  fluorometer  consists  of  pump 
and  probe  light  sources,  a  sample 
chamber,  four  detector  channels,  one 
data-acquisition  module,  and  a  single- 
board,  programmable  computer. 
Using  what  is  called  the  "pump  and 
probe  technique,"  this  fluorometer 
measures  photosynthetic  production 
rates  instantaneously  along  a  water 
column. 

To  estimate  relative  growth  rates  and 
the  nutrient  status  of  phytoplankton 
and  water  plants,  this  fluorometer 
records  changes  in  the  fluorescence  of 
chlorophyll,     the    green     pigment     in 


plants  which  is  needed  for  photosyn- 
thesis. The  chlorophyll  fluoresces  in 
response  to  a  computer-controlled 
series  of  light-flash  cycles  from  pump 
and  probe  sources. 

The  pump  source  produces  a  strong 
flash  of  light,  while  the  preceding  and 
succeeding  probe  flashes  are  relatively 
weak.  By  using  a  cylindrical  mirror 
cu-oimd  the  sample  chamber,  this 
fluorometer  needs  five  times  less  ener- 
gy for  the  pump  jmd  probe  flashes. 

The  pump  and  probe  flash  intensities, 
increments  and  sequences  are  varied 
by  computer,  so  that  maximum  fluores- 
cence yields,  optical  absorption  cross 
sections  and  turnover  times  of 
photosynthetic  samples  may  be 
measured  simultaneously  under  am- 
bient light  or  darkness. 

Because  of  its  design,  this  fluorometer 
can  measure  chlorophyll  concentra- 
tions as  low  as  0.05  micrograms  per 
liter. 

In  addition  to  its  other  measuring 
capabilities,  the  submersible  fluor- 
ometer can  also  read  signals  from 
temperature  and  depth  sensors. 

For  more  information,  contact  Mar- 
garet Bogosian,  (516)  282-7338       # 
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Dental  Burs  Sterilized  With  Dry  Heat 


Since  dental  burs  are  a  source 
of  cross-contamination  among 
patients  and  dental  personnel, 
sterilization  of  burs  is  a 
recommended  infection  control 
procedure.  The  Naval  Dental 
Research  Institute  (NDRI),  Great 
Lakes,  Illinois,  has  devised  an 
efficient  clinical  procedure,  which 
can  be  used  in  dental  clinics  and 
operatories,  for  the  dry-heat 
sterilization  of  dental  burs. 

To  ensure  sterilization,  an 
internal  temperature  of  160  to 
170°C  (320  to  340°F)  must  be 
maintained  for  at  least  one  hour. 
The  timing  of  the  exposure  should 
commence  when  the  minimum 
oven  temperature  is  160°C.    The 


burs  are  placed  in  screw-cap  glass 
test  tubes,  which  allow 
individualization  with  regard  to 
the  number  and  types  of  burs 
placed  in  the  tube  and  make  it  easy 
to  label  and  provide  visibility  of 
the  contents.  The  glass  tubes 
containing  the  sterile  burs  may  be 
stored  indefinitely  and  will 
maintain  the  sterility  of  the  burs. 

For  Additional  Information: 

Backup  material  on  this  effort  is  available  from: 

Navy  Domestic  Technology  Fact  Sheet  Reader  Reply  Service 

CodeE211 

Naval  Surface  Weapons  Center 

Dahl^en,  VA  22448-5000 

(703)663-8921 

Refer  to  160203/TN 
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Biomedical  Computing: 
Simulation  and  l\/lodeling 


Simulation  Resource  in 
Circulatory  Mass  Transport 
and  Exchange 

Principal  Investigator: 

James  B.  Bassingthwaighte,  M.D.,  Ph.D. 

Center  for  Bioengineering  WD-1 2 
University  of  Washington 
Seattle,  Washington  98195 
(206)  685-2005 
FAX:  (206)  685-3300 


Coinvestigators: 

E.  O.  Feigl,  M.D. 

K.  A.  Krohn,  Ph.D. 

M.  M.  Graham,  M.D.,  Ph.D. 

T.  K.  Lewellen,  Ph.D. 

P.  J.  Kelly,  M.D. 

C.Y.Wang,  Ph.D. 

A.  Goldstein,  Ph.D. 

C.  Goresky,  M.D.,  CM.,  Ph.D. 

H.  Sparks,  M.D. 


E.  N.  Lightfoot,  Ph.D. 
J.  Kuikka,  Ph.D. 
J.  van  Seek,  Ph.D. 
S.T.Kim,  Ph.D. 
J.  N.  Leppo,  M.D. 

B.  Palsson,  Ph.D. 

R.  Reneman,  M.D.,  Ph.D. 

C.  P.  Rose,  M.D. 
A.  M.  Spence,  M.D. 
S.  Yamashiro,  Ph.D. 


Research  Emphasis 

•  Data  Achievable  with  Resource's 
Methodologies:  Estimates  of  conductances 
of  capillary  and  cell  membranes,  volumes  of 
distribution,  and  regional  flov\/s  in  organs. 
Identification  of  receptor  affinities  and 
metabolic  rates  in  intact  organs  via  various 
tracer  techniques. 

•  Current  Research:  Development  of  an 
interactive  simulation  system  that  permits 
formulation  of  models  without  program- 
ming. This  is  accomplished  through  the  use 
of  menus,  automated  optimization  of  model 
parameters  to  fit  models  to  data,  automat- 
ed model  selection  and  reduction  during 
analysts,  and  integration  of  advanced 
graphic  techniques  for  the  display  of  results 
of  simulation  analysis.  Application  areas 
include  transport  of  hydrophilic  molecules 
in  microvasculature,  simulation  analysis  for 
estimation  of  tracer  uptake  and  deposition 
in  cells  as  indicators  of  regional  blood  flow 
and  cellular  function.  Use  of  fractals  in 
describing  heterogeneous  systems  (e.g., 
spatial  and  temporal  flow  variation). 

•  New  Concept/Capability:  Development 
of  logical  structures  for  experiment  design 
and  analysis.  This  includes  approaches 
automating  the  fitting  of  models  to  data, 
assessing  the  goodness-of-fit,  choosing  the 
numerical  approximations,  and  in  some  sit- 
uations choosing  the  form  of  the  model. 
Fractal  applications. 


1.  King,  R.  B.,  Weissman,  L.  J.,  and 
Bassingthwaighte,  J.  B.,  Fractal  descrip- 
tions for  spatial  statistics.  Annals  of 
Biomedical  Engineering  1 8: 1 1 1  -1 21 ,  1 990. 

2.  Bassingthwaighte,  J.  B.,  van  Beek,  J.  H. 
G.  M.,  and  King,  R.  B.,  Fractal  branchings: 
The  basis  of  myocardial  flow  hetero- 
geneities? In  Mathematical  Approaches  to 
Cardiac  Arrhythmias  (Jalife,  J.,  ed.).  Annals 
of  the  New  York  Academy  of  Sciences  591 : 
392-401,  1990. 

3.  van  Beek,  J.  H.  G.  M.,  Roger,  S.  A.,  and 
Bassingthwaighte,  J.  B.,  Regional  myocar- 
dial flow  heterogeneity  explained  with  frac- 
tal networks.  American  Journal  of 
Physiology  257  (Heart  and  Circulatory 
Physiology  26):  H1670-H1680,  1989. 

4.  Bassingthwaighte,  J.  B.,  Wang,  0.  Y., 
and  Chan,  I.  S.,  Blood-  tissue  exchange  via 
transport  and  transformation  by  endothelial 
cells.  Circulation  Research  65:997-1020, 
1989. 

5.  Bassingthwaighte,  J.  B.,  Noodleman,  L., 
van  der  Vusse,  G.  J.,  and  Glatz,  J.  F.  C, 
Modeling  of  palmitate  transport  in  the  heart. 
Molecular  and  Cellular  Biochemistry  88:51  - 
58,  1989. 


Resource  Capabilities 

•  Hardware:  Data  General  MV/1 000  com- 
puter system  with  4  Mbytes  of  memon/, 
708  Mbytes  of  disk  storage,  1 600/800  bpi 
magnetic  tape  drive,  1200/300  baud  tele- 
phone ports,  graphics  terminals,  Versatec 
printer/plotter,  and  character  printer. 
MS/DOS  and  Macintosh  microprocessors. 

•  Software:  Data  General  UNIX  operating 
system  supporting  FORTRAN,  RATFOR, 
and  C  compilers. 

•  Special  Features:  Simulation  Interface, 
SIMCON. 

•  Service  Personnel:  Facility  personnel 
available  to  assist  in  modeling  and  fitting 
models  to  data. 

•  User  Laboratory  Space:  Terminals  avail- 
able. 

•  User  Contact  Persons:  James  B. 
Bassingthwaighte,  M.D.,  Ph.D.,  (206)  685- 
2005/2011;  Larry  Weissman,  Ph.D.,  (206) 
685-2005;  Richard  King,  M.S.,  (206)  685- 
2007/7433. 
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Biomedical  Computing: 
Simulation  and  l\/lodeling 


Biomedical  Simulations 
Resource 


Principal  Investigators: 
Vasilis  Z.  Marmarelis,  Ph.D. 
David  Z.  D'Argenio,  Ph.D. 

Department  of  Biomedical  Engineering 
School  of  Engineering,  OHE  500 
University  of  Soutfiern  California 
Los  Angeles,  California  90089-1451 
(213)743-3648 
FAX:  (213)  743-6435 


Coinvestigators: 

Michael  0.  K.  Khoo,  Ph.D. 

Dennis  P.  O'Leary,  Ph.D. 


Research  Emphasis 

•  Data  Achievable  with  Resource's 
Methodologies:  Mathematical  models  and 
simulations  of  dynamic  systems.  Emphasis 
is  on  nonlinear  and  nonstationary  time-series 
models  (with  applications  to  sensory,  neuro- 
motor, and  biomechanical  systems);  sparse- 
data  system  modeling  (with  applications  to 
pharmacokinetics  and  pharmacodynamics); 
and  modeling  of  biological  control  systems 
(with  applications  to  sensorimotor  and  respi- 
ratory control). 

•  Current  Research:  Development  of  mod- 
eling methodologies  for:  nonlinear  and  non- 
stationary  dynamic  systems;  sparse-data 
systems;  and  biological  control  systems. 
Application  areas  include:  sensory  systems, 
pharmacokinetics  and  pharmacodynamics, 
neuromuscular  control,  and  respiratory  con- 
trol. Modeling  and  simulation  software  for 
these  novel  methodologies  is  developed  in  a 
form  that  can  be  disseminated  for  use  by  the 
biomedical  community  at  large. 

•  New  Concept/Capability:  The 
modeling/simulation  methodologies  and 
related  software  described  under  Current 
Research  are  advancing  the  state  of  the  art 
in  the  respective  areas.  Related  user-friendly 
software  packages  (see  LYSIS  and  ADAPT 
under  Software)  are  developed  and  distribut- 
ed for  the  biomedical  community.  These 
offer  a  new  set  of  tools  for  tackling  challeng- 
ing problem  areas:  nonlinear,  nonstationary, 
sparse-data,  and  biological  control  systems. 
A  periodic  newsletter  keeps  subscribers 
informed  about  our  latest  developments  and 
future  activities.  Annual  workshops  and 
advanced  short  courses  foster  interaction 
and  promote  dissemination  of  state-of-the- 


art  methodologies  in  biomedical  modeling 
and  simulation.  In-house  publications  pro- 
vide broader  dissemination. 

1.  Khoo,  M.  C.  K.,  ed..  Modeling  and 
Parameter  Estimation  in  Respirator/  Control. 
New  York,  New  York:  Plenum  Press,  1990. 

2.  D'Argenio,  D.  Z.,  Incorporating  prior 
parameter  uncertainty  in  the  design  of  sam- 
pling schedules  for  pharmacokinetic  param- 
eter estimation  experiments.  Mathematical 
Biosciences  99:  105-118,  1990. 

3.  Shadmehr,  R.  and  D'Argenio,  D.  Z.,  A 
neural  network  for  nonlinear  Bayesian  esti- 
mation in  drug  therapy.  Neural  Computation 
2:216-225,  1990. 

4.  Marmarelis,  V.  Z.,  ed.,  Advanced  Methods 
of  Physiological  System  Modeling:  Volume  2. 
New  York,  New  York:  Plenum  Press,  1989. 

Resource  Capabilities 

•  Hardware:  Local  area  network  of  VAX  and 
SUN  workstations  including:  three  MicroVAX 
ll's,  one  VAXstation  3100,  three  SUN  386i's, 
one  SUN  3/60,  one  SUN  Sparcstation  and 
one  SUN  Sparcserver  390.  Asynchronous 
lines  connect  seven  high-resolution  graphics 
terminals,  six  IBM  PC/XT/AT's,  one  IBM 
PS/2,  and  one  Mac  II.  Ethernet  links  our 
local  area  network  with  other  USC  comput- 
ers and  peripherals.  Off-campus  access  is 
through  USC  MICOM  port  selector  using 
dial-up  lines  and  BITNET. 

•  Software:  Programming  environment: 
VMS  on  MicroV/\X  workstations;  UNIX  on 
SUN  workstations;  and  PC-DOS  on  IBM 
workstations.  Languages:  FORTRAN  77, 
BASIC,  and  C,  Mathematical  software: 
Eispack,  Unpack,  Minpack,  Odepack, 
Minitab,  Asyst,  and  Asystant-i-.  Special 
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resource  software:  LYSIS:  interactive  modu- 
lar package  for  time-series  analysis  and  lin- 
ear and  nonlinear  dynamic  system  modeling 
and  simulation;  written  in  FORTRAN  77  with 
both  VMS  and  UNIX  versions  available. 
ADAPT  II:  interactive  mathematical  software 
for  pharmacokinetic  and  pharmacodynamic 
systems  analysis  including  simulation, 
parameter  estimation,  and  experiment 
design;  written  in  FORTRAN  77  with  both 
VMS  and  DOS  versions  available. 

•  Special  Features:  Resource-developed 
and  -distributed  software  packages  LYSIS 
and  ADAPT  (see  Software).  Advanced  short 
courses  and  workshops  organized  annually 
to  promote  training  and  dissemination  of 
modeling/simulation  methodologies. 

•  Service  Personnel:  Systems  analyst/pro- 
grammers for  system  maintenance  and  soft- 
ware development.  Research  staff  to 
address  queries  concerning  physiological 
system  modeling  and  simulation. 
Administrative  staff  to  expedite  users'  ' 
requests. 

•  User  Laborator/  Space:  Investigators 
involved  with  core  and  collaborative  research 
use  the  resource's  three  computer  rooms 
equipped  with  graphics  terminals,  worksta- 
tions, and  laser  printers,  in  addition  to  their 
own  laboratory  space.  Remote  users  can 
access  the  computer  facilities  via  MICOM 
(9600  baud)  from  campus  sites  and  via  dial- 
up  lines  (2400/1 200  baud)  from  off-campus 
locations. 

•  User  Contact  Person:  Gabriele  Larmon,  d 
(213)  743-3648,  or  BITNET:  Larmon@BMSR 
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Technology  Application 


Sandia  National  Laboratory 

High-Resolution  Imaging  Technique  Has  Many 
Potential  Uses 


A  powerful  new  tool  for  characterizing  the  shape  and 
density  of  materials  is  believed  to  hold  promise  for  use  in 
a  variety  of  industrial  and  medical  areas,  including  the 
study  of  cancer  and  Alzheimer's  disease. 

Called  ion  microtomography  (IMT),  the  emerging 
technology  produces  detailed  images  of  slices  of  objects 
much  like  the  more  familiar  medical  x-ray  CAT 
(computer-aided  tomography)  scan.  However,  images 
produced  through  IMT  are  approximately  1,000  times 
more  detailed.  Its  high  resolution  allows  it  to  "see" 
constituent  parts  as  small  as  one  micron.  (The  diameter 
of  a  human  hair  is  about  100  microns.)  The  images  can 
also  be  manipulated  by  computer  to  produce  different 
perspectives  and  cross-sectional  views. 

Researchers  at  Sandia  National  Laboratories,  Liver- 
more,  are  leading  the  development  of  IMT  in  collabora- 
tion with  Lawrence  Livermore  National  Laboratory 
(LLNL).  They  are  also  working  with  scientists  from  the 
University  of  Melbourne,  Australia. 

Like  other  tomographic  techniques,  the  distinct 
advantage  of  IMT  is  that  it  allows  researchers  to  analyze 
a  specimen  or  sample  without  slicing,  damaging,  or 
disassembling  it.  Processes — such  as  staining,  freezing, 
and  slicing — used  to  prepare  tissue  samples  for  analysis 
under  a  microscope  often  destroy  internal  structures  of 
interest.       >_    .    i.    ^t,,  »,,,,■   ;^.:j.  ,'-;-;,■ 


"The  scientist  can  essentially  get  inside  the  speci- 
men without  slicing  or  destroying  it,"  says  physicist 
Arthur  Pontau  of  Sandia  Livermore's  Fusion  Research 
Division.  "That's  the  real  strength  of  the  technique." 

IMT  is  particularly  useful  for  samples  with  low  total 
density  or  where  small  density  variations  make  x-ray 
analysis  difficult.  For  example,  IMT  has  been  used  to 
produce  three-dimensional  renditions  of  small  junctions 
between  two  glasses  with  different  densities. 

For  biomedical  specimens,  IMT  has  the  added  ad- 
vantage of  causing  significantly  less  tissue  damage  than 
other  imaging  techniques.  Unlike  x-ray  CAT  scans,  IMT 
uses  concentrated  proton  beams  with  energies  in  the 
mega-electron  volts  (MeV)  range.  The  positively  charged 
particles  pass  completely  through  the  sample  to  a  silicon 
surface  barrier  detector  while  transferring  only  a  portion 
of  their  energy  to  the  specimen.  X-rays,  in  contrast,  are 
absorbed  and  release  much  of  their  energy  within  the 
specimen,  causing  cell  damage. 

The  technique,  which  was  developed  from  defense 
work,  could  also  have  important  industrial  uses  for 
materials  used  in  microelectronics,  nondestructive  test- 
ing, and  fission  and  fusion  research.  For  example,  IMT 
could  be  used  to  examine  small  structures  or  to  inspect 
extremely  thin  coatings  for  uniformity  on  silicon  chips. 
It  also   has   potential   for   inspecting   extremely  small 


Art  Pontau  and  Dan  Morse  of  Sandia  Livernnore,  Dave  Weirup  of  Lawrence  Livermore  National  Laboratory,  and  Arlyn  Antolak  of 
Sandia  conduct  research  on  ion  microtomography  with  accelerator  in  LLNL's  f^ulti-User  Tandem  Laboratory. 
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Ion  microtomography 
can  be  used  to  pro- 
duce a  three-dimen- 
sional rendition  of 
tomograptiic  slices, 
such  as  this  com- 
puter-generated image 
of  a  bundle  of  six  glass 
pipettes.  Orientation 
and  portions  shown 
may  be  varied. 


manufactured  parts  for  flaws  and  weaknesses  without 
the  need  for  sectioning. 

In  nuclear  fission  energy  research,  IMT  has  been 
proposed  for  fuel  pellet  safety  analysis.  The  integrity  of 
the  coatings  on  fuel  pellets  needs  to  be  checked  to  ensure 
containment  of  their  fuel.  The  pellets  for  the  Modular 
High-Temperature  Gas-Cooled  Reactor,  which  are  less 
than  one  millimeter  in  diameter — are  made  of  uranium- 
containing  fuel  coated  with  carbon  and  silicon  carbide. 
Because  the  pellets  are  made  of  materials  with  widely 
differing  atomic  numbers,  x-ray  tomography  is  an  inef- 
fective analysis  method.  High-energy  .x-rays  are  neces- 
sary to  penetrate  the  uranium,  which  renders  the  lighter 
carbon  invisible.  IMT  is  relatively  insensitive  to  chemi- 
cal composition  and  could  be  used  to  verify  the  integrity 
of  the  fuel  pellets,  Pontau  says.  The  technique,  which  is 
sensitive  to  the  total  number  of  electrons  per  cubic 
centimeter,  is  able  to  image  light  materials  in  the  pres- 
ence of  heavy  ones. 

For  inertial  confinement  fusion  (ICF)  research,  small 
spherical  targets  are  compressed  using  very  high  inten- 
sity laser  or  particle  beams.  The  goal  is  to  compress  the 
deuterium/tritium  fuel  in  the  target  to  the  point  where  it 
fuses  and  produces  energy.  The  uniformity  and  spheric- 
ity of  the  targets  are  crucial  for  optimal  performance, 
and  IMT  is  being  used  to  characterize  these  targets, 
allowing  evaluation  of  production  processes. 

Sandia  and  LLNL  researchers  have  examined  vari- 
ous samples  using  IMT  by  placing  them  in  a  vacuum 
chamber  at  Lawrence  Livermore's  multi-user  tandem 
accelerator.    Special    lenses    produce    a    two    micron- 


diameter  ion  beam,  which  is  swept  back  and  forth  across 
the  specimen. 

In  a  recent  experiment  with  mouse  intestine  cells 
sealed  in  a  glass  tube,  the  beam  was  stepped  across  the 
sample  at  the  same  latitude  795  times.  The  sample  was 
also  rotated  along  an  axis  perpendicular  to  translation 
1250  times,  resulting  in  nearly  one  million  measure- 
ments for  each  cross-section.  At  each  spot,  21  ions  were 
passed  through  the  sample  and  intercepted  by  a  detec- 
tor, which  measures  each  ion's  energy. 

The  computer  uses  data  from  repeated  slices  to  map 
out  spatial  variations  in  electron  density  and  produce  a 
rendition  of  a  three-dimensional  object  on  a  screen.  The 
image  can  be  manipulated  on  the  screen;  it  can  be 
rotated,  a  portion  sliced  away  to  reveal  the  interior  or 
various  planes  passed  through  it  to  achieve  different 
views. 

The  goal  is  to  get  a  snapshot  of  not  just  a  slice  of  the 
sample  but  also  to  be  able  to  relate  it  to  what  lies  above 
and  below  for  a  complete  diagnostic  picture,  Pontau 
says.  This  capability  could  be  used  to  study  cancer  cells, 
which  don't  grow  in  the  same  regular  pattern  as  normal 
cells.  The  telltale  plaques  of  Alzheimer's  disease,  which 
have  a  different  density  than  surrounding  brain  tissue, 
could  also  possibly  be  studied  using  IMT,  he  says. 

Using  the  IMT  technique,  researchers  hope  soon  to 
be  able  to  look  at  individual  cells  in  tissue  samples  and 
organelles  within  those  cells.  Sandia  Livermore  research- 
ers are  currently  building  a  second-generation  IMT 
system  with  improved  resolution.  The  current  world 
record  for  resolution — about  1/20  of  a  micron — using  an 
ion  beam  in  the  mega-electron  volts  range  is  held  by  the 
University  of  Melbourne  and  was  achieved  while  exam- 
ining the  edge  of  a  silver  specimen. 

Practical  IMT  has  been  possible  only  in  the  past  few 
years  because  of  advances  and  cost  reductions  in  the 
lenses  that  focus  ion  beams,  in  computers  and  software 
for  measuring  and  analyzing  data,  and  in  accelerators  for 
producing  stable  ion  beams. 


FOR  ADDITIONAL  INFORMATION:  Technical 
Contacts:  Arthur  Pontau  (415)  294-3259  and  Arlyn 
Antolak  (415)  294-3363,  Department  of  Energy,  Sandia 
National  Laboratories,  Albuquerque,  NM  87185-5800. 
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U.S.  Army  Corps  of  Engineers 

Cold  Regions  Research  &  Engineering  Laboratory 

72  Lyme  Road,  Hanover,  New  Hampshire  03755-1290 

Maneuver  Site  Soil  Monitoring  Program 


BACKGROUND 

The  U.S.  Army  Cold  Regions  Research  and  Engineering  Laboratory  (CRREL)  participated  in  a  train- 
ing exercise  conducted  at  the  Pinon  Canyon  Maneuver  Site  in  southwestern  Colorado  by  providing  the 
Director  of  Engineering  and  Housing  (DEH)  and  the  Damage  Control  Officer  with  data  on  the  hydraulic 
properties  of  training  site  soils  and  their  resistance  to  erosion  from  wheeled  and  tracked  vehicles. 

During  a  prior  year,  CRREL  characterized  the  physical  properties  of  the  soil  in  the  training  area  and 
ran  infiltration  tests  on  many  of  the  dominant  soil  types.  In  addition,  the  U.S.  Army  Construction  Engi- 
neering Research  Laboratory  (CERL)  digitized  the  area's  soils  and  vegetative  maps.  There  are  also  maps 
of  area  geology  and  drainage,  and  a  tape  containing  digitized  elevation  (DEM)  data.  (The  maps  and  tape 
are  part  of  one  of  the  best  data  sets  in  existence  at  a  training  facility.) 

STATUS  OF  REMOTE  SENSING  DATA  COLLECTION 

CRREL  conducted  a  major  sampling  effort  in  the  Piiion  Canyon  training  area.  Soil  moisture  probes 
that  were  installed  in  1988  have  been  monitored  after  each  rainfall  event,  and  infiltration  tests  have  been 
completed.  Portable  spectroradiometers  are  used  to  take  spectra  of  the  soils  and  vegetation  types.  Data  ob- 
tained will  be  used  to  calibrate  the  data  being  acquired  by  the  multispectral  scanners  on  the  satellite  and 
aircraft  systems. 

The  primary  participants  in  the  multiband  imagery  acquisition  analysis  and  evaluation  project  will  be 
the  U.S.  Army  Space  Institute  (ASI)  and  CRREL.  ASI  will  acquire  the  satellite  data  and  will — in  coopera- 
tion with  CRREL,  the  U.S.  Army  Topographic  Laboratory  (ETL),  and  the  U.S.  Army  Engineer  Water- 
ways Experiment  Station  (WES) — process  and  evaluate  the  data  from  a  tactical  and  training  point  of 
view.  CERL  has  provided  the  soils  and  vegetative  maps,  and  CRREL  has  purchased  the  DEM  data  from 
the  U.S.  Geological  Society.  CRREL  also  has  characterized  the  soils  and  used  real-time  data  on  soil  mois- 
ture, temperature,  and  meteorological  conditions  to  prepare  a  trafficability  map  of  portions  of  the  training 
area.  WES  will  provide  mobility  maps  from  the  Condensed  Army  Mobility  Model  System  (CAMMS). 
Onsite  ETL  and  CRREL  personnel  will  obtain  spectroradiometric  data  during  the  satellite  overpasses. 
ASI  will  report  on  the  usefulness  of  the  satellite  data  from  the  tactical  standpoint,  and  CRREL  and  DEH 
will  address  the  utility  to  the  DEH.  CRREL  will  report  on  the  hydraulic  characteristics  of  the  soils  and 
techniques  used  to  select  the  sites  for  monitoring  soil  moisture  and  temperature  at  the  Pinon  Canyon  Ma- 
neuver Site. 


FOR  ADDITIONAL  INFORMATION:  Contact:  Dr.  Harlan  L.  McKIm,  U.S.  Army  Cold  Regions 
Research  and  Engineering  Laboratory,  75  Lyme  Road,  Hanover,  New  Hampshire  03755-1290; 
(603)646-4479,     FAX     (603)646-4278,     FTS    561-4479. 
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Physical  Sciences 


0880  Revelations  from  a  Quantum  Map 

Testing  &  Instrumentation 

0881  Water  Detection  Method 

0882  Four-Mirror  X-Ray  and  Extreme-Ultraviolet  Monochromator — More 
mirrors  provide  additional  wavelength  selectivity.  (Licensing  Opportunity) 

0883  Monatomic-Oxygen  Reactors  for  Materials  Testing  and  Surface 
Chemistry — Specimens  receive  even  doses.  (Licensing  Opportunity) 

Other  Items  of  Interest 

0847    Lithium  Cells  Accept  Hundreds  of  Recharges — A  new  electrolyte 
prolongs  the  lives  of  cells.  (Licensing  Opportunity) 

0878    High-Resolution  Imaging  Technique  Has  Many  Potential  Uses 
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Technology  Application 


Ames  Laboratory 


Revelations  from  a  Quantum  Map 


Klaus  Ruedenberg,  a  senior  chemist  at  Ames 
Laboratory,  is  receiving  a  series  of  honors  this 
year  for  his  remarkable  contributions  to 
chemical  research  despite  the  fact  that  he 
never  performs  experiments. 
Ruedenberg  is  a  quantum  chemist:  he 
never  experiments  on  the  material  he  is 
studying.   Instead,  Ruedenberg  uses  the  laws  of  quantum 
mechanics  to  deduce  useful  information  about  a  sub- 
stance, such  as  the  conditions  that  are  needed  to  push  a 
substance  into  a  chemical  reaction.   The  technique  is 
extremely  complex  and  time-consuming  even  on  high 
speed  supercomputers,  but  it  provides  data  where  experi- 
mental methods  fail  because  of  chemical  instability,  rapid 
chemical  change  or  other  problems. 

Ruedenberg's  devotion  to  careful  analysis  in  his 
research  has  won  him  respect  among  quantum  chemists 
worldwide;  these  chemists  are  recognizing  him  with  a 
symposium  in  his  honor,  an  honorary  degree  and  special 
recognition  in  a  scientific  journal. 

"I  think  he's  one  of  the  most  capable  and  knowledge- 
able people  in  the  field  of  quantum  chemistry.   It  would 
be  a  considerably  poorer  field  without  him,"  says  Peter 
Taylor,  a  scientist  at  NASA's  Ames  Research  Center  in 
California. 

"Professor  Ruedenberg  is  very  central  to  modern 
quantum  chemistry.   He's  done  a  lot  of  profound  work 
that  has  had  a  great  deal  of  impact  on  many  people,"  says 
Bjorn  Roos,  a  theoretical  chemist  at  the  University  of  Lund 
in  Sweden. 

Ruedenberg  and  other  quantum  chemists  study  how 
changes  in  the  positions  of  atoms  within  a  molecule  will 
affect  the  overall  energy  of  that  molecule.   To  determine 
the  energy  of  a  molecule,  quantum  chemists  first  assume 
that  the  nuclei  in  these  molecules  are  not  moving.  They 
then  calculate  the  energy  of  the  electrons  moving  around 
the  fixed  nuclei  and  use  this  information  to  calculate  the 
energy  of  the  entire  molecule. 

Once  they  have  found  this  energy  for  one  configura- 
tion of  atoms,  quantum  chemists  move  on  to  other 
configurations,  changing  the  distances  and  the  angles 
between  the  atoms.  Quantum  chemists  repeat  this  pro- 
cess until  they  have  performed  these  calculations  for  all 
configurations  of  the  molecule  that  are  relevant  for  a 
specific  reaction. 

As  the  number  of  atoms  in  the  molecule  under  study 
increases,  the  number  of  calculations  Ruedenberg  has  to 
perform  increases  rapidly.   Methods  exist  for  approximat- 
ing these  calculations  for  complex  molecules,  but 
Ruedenberg  believes  that  developing  a  thorough  under- 
^>tanding  of  simpler  molecules  is  essential  for  developing 
accurate  pictures  of  more  complex  molecules.  With  this 
in  mind,  he  chooses  subjects  from  among  the  many 


interesting  molecules  that  are  relatively  simple,  such  as 
ozone  and  carbon  dioxide. 

Scientists  plot  atomic  coordinates  and  the  energy 
levels  they  have  calculated  on  a  graph.   A  mathematical 
"surface"  emerges,  something  like  a  topographical  map 
illustrating  valleys,  mountains  and  plains  over  an  area  of 
land. 

Quantum  chemists  call  this  surface  the  molecule's 
potential  energy  surface.  This  surface  is  rarely  in  three 
dimensions;  depending  upon  the  number  of  atoms  in  a 
molecule,  Ruedenberg  and  his  cohorts  can  quickly  find 
themselves  constructing  a  surface  in  the  fourth  or  higher 
dimensions. 

"Mathematically,  you  can  follow  through  and  talk 
about  this,"  Ruedenberg  says  of  mapping  surfaces  in  four 
and  more  dimensions.   Then  he  adds,  smiling,  "Scientists 
can't  really  see  it  any  more  than  laymen  can,  though." 

Each  point  on  the  potential  energy  surface  corre- 
sponds to  a  particular  configuration  of  atoms,  and  the 
height  of  each  point  reveals  the  energy  level,  high  or  low, 
that  the  molecule  has  in  that  configuration.   Features  on 
this  surface  can  reveal  many  things  to  quantum  chemists. 

For  example,  the  low  points  on  the  surface  corre- 
spond to  the  stable  forms  of  the  molecule  that  are  most 
likely  to  be  found  in  nature.   A  molecule  will  shed  energy 
until  it  reaches  one  of  these  equilibrium  points. 

But  equilibrium  points  are  easy,  Ruedenberg  says. 
More  important  are  the  mountain  passes  on  a  potential 
energy  surface,  paths  from  one  low  point  to  another. 
These  transition  states  can  be  used  to  determine  the 
energy  necessary  to  push  a  substance  into  a  chemical 
reaction.  The  path  from  one  low  point  to  another  also 
reveals  the  geometric  shapes  a  molecule  will  take  on 
during  a  chemical  reaction  and  the  energy  released  by 
the  reaction. 

Ruedenberg  and  his  team  are  currently  studying 
ozone,  a  molecule  composed  of  three  oxygen  atoms. 
Despite  its  important  role  in  major  environmental  prob- 
lems, scientists  know  relatively  little  about  ozone  because 
it  is  difficult  to  analyze  with  experimental  methods. 

"Ozone's  still  quite  mysterious,"  says  Ruedenberg. 
"Every  piece  of  solid  information  we  can  find  out  about  it 
will  be  helpful." 

Ruedenberg  has  mapped  two  low  points  for  ozone, 
determined  the  reaction  path  between  these  points  and 
discovered  a  number  of  unprecedented  and  interest- 
ing features  near  ozone's  transition  state. 

"Potential  energy  surfaces  are  interesting 
animals,"  Ruedenberg  says,  grinning.    "They  have 
many  noteworthy  features  which  one  really  needs  to 
understand  to  better  comprehend  important  mol- 
ecules and  their  chemical  reactions." 


8.80 


V,\i\ 


////>  iiKili  f/fptily  till' iKiitiiliiil iiufsy  III  ii  iiiiiliiiilr.  (    II I-  flint  iiiiix  iiivi' 
I  III  iiii<l.<  I  liii-\  III  liiiii:-  nil  linn  (liuMilr  IS  /oiiiiivl    b.iiili  jti/iiil  nil  llir  iiiiij) 
rr/iiisrii/i  ii  /iiii/n  iilni  ni  iviii'^riiiiiil  iif  I  hi'  dliiiiis  lliiil  iiiiiLi'  ii/>  I  hi'  iiiulri  iilr. 
(  iiliii  iiiiliuili'^  ihi  nii'i'^'  loiili'iil  of  llii  iiinli'i nil',  ulinli  i iiin^i  ••  liniii  liliir,  llii 
liii^i'sl  iiiniiiiiil  III  I'lii'r^'.  lliroivji  ;iii'i'ii.  yillii'u:'.  or/iniii'.  n'll 'nul :^iii\',  lln' 
hmhi'^l  II  III  on  II I    1 1  III  I  >  '///  ihr  in  up  nun  I'  \n.iiiilii  mil  \li  in  tiiii  s.    !■  in  rxiiiiipli'. 
till  pillule    \    mill .  I  ,  murk  fuin  vi'n  <lillili'  ill rmil!,i'iiii'iih  ill  llini'  iiliiins,  liolli 
III  U'liiih  II I  r  hiiikii  lis  iillinr. 
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1,  "Potential  Energy  Surfaces  of  Ozone,"  S.  S.  Xantheas,  G.  J. 
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2.  "The  Ring  Opening  of  Cyclopropylidene,"  P.  Valtazanos.  S.  S. 
Xantheas,  S,  T  Elbert  and  K,  Ruedenberg,  Theoretica  Chimica  Acta,  78 
(1991)  287-416. 
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Ames  Laboratory 


Water  Detection  Method 


A  new  analytical  method  developed  at 
the  Ames  Laboratory  provides  an 
economical,  speedy  and  versatile  way 
to  determine  the  amount  of  water  in 
organic  and  inorganic  materials. 

The  most  commonly  used  procedure 
for  determining  water,  the  Karl  Fis- 
cher method,  has  various  limitations. 
It  requires  certain  chemical  reagents 
and  cannot  be  used  for  samples  that 
contain  oxidizing  or  reducing  substan- 
ces which  may  react  with  the  reagent. 
Also,  the  visual  titration  end  point  is 
difficult  to  discern  and  there  are 
numerous  interferences.  The  Ames 
method  overcomes  these  limitations 
and  cuts  costs  by  reducing  the 
materials  and  labor  required  in  the 
conventional  technique. 

The  Ames  Laboratory  method  com- 
bines the  excellent  separation 
capability  of  ion-exclusion  chromatog- 
raphy with  a  novel  and  sensitive 
method  of  detection.  To  separate 
components,  a  sample  is  first  pumped 
through  a  column  packed  with  a  cat- 
ion-exchange resin.  The  sample  is 
continually  "chased"  with  an  eluent  that 


contains  cinnamaldehyde  and 

methanol.  Most  of  the  ions  and  or- 
ganic sample  components  pass  rapidly 
through  the  column,  but  the  water  is 
slowed  down  by  the  resin  beads  and 
emerges  separately. 

The  presence  of  cinnamaldehyde  in 
the  eluent  is  key  to  the  method's  novel 
detection  system.  When  water  is 
present,  and  comes  into  contact  with 
cinnamaldehyde  in  the  eluent,  it  con- 
verts cinnamaldehyde  to  an  acetai 
form.  The  shift  from  one  form  to 
another  is  detected  and  measured  by  a 
spectrophotometer;  the  amount  of  shift 
is  proportional  to  the  amount  of  water. 

Because  the  water-cinnamaldehyde 
reaction  occurs  after  the  separation, 
water  can  be  determined  in  the 
presence  of  substances  which  would 
interfere  if  a  separation  column  were 
not  employed.  These  substances  in- 
clude aldehydes  and  ketones. 


For  more  information  on  this  technol- 
ogy, contact  Daniel  E.  Williams,  (515) 
294-2635.       # 
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Four-Mirror  X-Ray  and  Extreme-Ultraviolet  Monochromator 

More  mirrors  provide  additional  wavelengtin  selectivity. 


The  four-mirror  x-ray  and  extreme-ultra- 
violet monochromator  provides  a  narrower 
wavelength  passband  than  do  the  devices 
described  in  the  two  preceding  articles, 
"Compact  X-Ray  and  Extreme  Ultraviolet 
Monochromator"  (MFS-28499)  and  "Scan- 
ning X-Ray  or  Extreme  Ultraviolet  Monochro- 
mator" (MFS-28492).  Like  the  foregoing 
devices,  the  four-mirror  monochromator 
relies  on  Bragg  reflection  from  two  iden- 
tical parallel  multilayer  mirrors  to  extract 
a  narrow-spectrum  x-ray  or  extreme-ultra- 
violet beam  from  a  broad-spectrum  input 
beam. 

The  four-mirror  monochromator  resem- 
bles the  compact  monochromator,  except 
that  the  interior  of  its  housing  contains  two 
pairs  of  mirrors  instead  of  one  pair.  The 
second  pair  of  mirrors  is  positioned  and 
oriented  symmetrically  with  respect  to  the 
first  pair.  The  particular  symmetry  is  such 
that  the  reflections  from  the  second  pair 
of  mirrors  cancel  the  lateral  displacement 
caused  by  the  reflections  from  the  first  pair 
of  mirrors  (see  figure).  Thus,  the  output 
beam  leaves  the  four-mirror  monochro- 
mator along  an  axis  coincident  with  that 
of  the  input  beam.  This  preservation  of  the 
axis  of  the  beam  is  critical  in  some  syn- 
chrotron beam  lines  and  free-electron 
lasers. 

The  input  filter  and  the  first  two  mirrors 
constitute  a  compact  monochromator  like 
the  one  described  previously  and,  there- 
fore, the  laterally  displaced  intermediate 
beam  has  a  narrow  spectrum.  This  spec- 
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The  Four-Mirror  X-Ray  and  Extreme-Ultraviolet  Monoctiromator  contains  two  identical  pairs 
of  mirrors  like  the  pair  in  the  compact  x-ray  and  extreme-ultraviolet  monochromator.  The  two  pairs 
are  placed  "back-to-back"  to  return  the  output  beam  to  the  path  of  the  input  beam  and  to  obtain 
additional  spectral  selectivity. 


trum  is  narrowed  further  by  the  reflections 
from  the  mirrors  of  the  second  pair.  Thus, 
one  of  the  principal  advantages  of  the  four- 
mirror  monochromator  is  additional  spec- 
tral selectivity  achieved  at  a  modest  in- 
crease in  cost  and  complexity  and  with 
some  loss  of  throughput. 

As  in  the  compact  monochromator,  one 
can  change  the  wavelength  of  peak  trans- 
mission by  putting  other  mirror  substrates 
that  have  different  Bragg-reflecting  multi- 
layer coats  in  the  mirror  mounts.  Ordinarily, 
the  multilayer  coats  on  all  four  mirrors  are 
identical.  However,  one  could  obtain  even 
better  spectral  resolution  (at  the  cost  of 
significant  loss  of  throughput)  by  use  of 
multilayers  that  have  Bragg-reflection  band- 
pass spectra  slightly  offset  from  each 
other. 


This  work  was  done  by  Richard  B. 
Hoover  of  Marshall  Space  Flight  Center. 

Inquiries  concerning  rights  for  the  com- 
mercial use  of  this  invention  should  be  ad- 
dressed to  the  Patent  Counsel,  Marshall 
Space  Flight  Center  Refer  to 
!\/IFS-28498/TN 

George  C.  Marshall  *■.■;' 

Space  Flight  Center     '—-■:,  j 

Technology  Utilization  ..  ,.,    ,. 

Officer  Ismail  Akbay  ''  '    ','' 

Code  AT01  '        '.■        ,,..); 

Marshall  Space  Flight  •.,,  ,      ,■  .  '        .■  ' 

Center,  ,    , 

AL  35812  "'     ■■'■       '     -  '■    ■'      '■— ■ 

(205)  544-2223 

Patent  Counsel 

Leon  D.  Wofford.  Jr. 

Mail  Code  CCOI 

Marshall  Space  Flight 

Center, 

AL  35812 

(205)  544-0024 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport.  MD  21240;  (301)  621-0100  Ext  241 

REFER  TO  THE  NUMBER  LISTED  AT  THE  END  OF  THIS  ARTICLE 
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Monatomic-Oxygen  Reactors  for  Materials 
Testing  and  Surface  Chemistry 

Specimens  receive  even  doses. 

Figure  1.  Monatomic  Oxygen  Diffuses  Along  Side-Arm  Tubes 

attached  to  a  flowing-after-glow  apparatus.  If  ttie  rate  of  diffusion  is  high 
enough,  the  specimens  at  the  ends  of  these  tubes  receive  uniform 
doses. 
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MAGNIFIED  CROSS  SECTION  OF 
LASER  BEAM  AND  SPECIMENS 
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Two  kinds  of  gas-flow  reaction  cham- 
bers expose  specimens  of  materials  to 
spatially  even  fluxes  of  monatomic  oxygen. 
In  radio-frequency  plasma  ashers  and 
other  reaction  chambers  used  previous- 
ly to  test  reactions  of  materials  with 
monatomic  oxygen,  experiments  have 
been  complicated  by  uneven  fluxes  of 
monatomic  oxygen  and  by  undesired 
fluxes  of  electrons,  ions,  and  ultraviolet 
radiation. 

The  first  type  of  chamber  is  part  of  a 
flowing-afterglow  apparatus.  A  gas  that 
contains  oxygen  flows  through  a  radio- 
frequency  discharge,  in  which  monatomic 
oxygen  is  produced.  The  gas  cools  to  near 
room  temperature  as  it  flows  from  the 
discharge.  Specimens  are  mounted  at  the 
outer  ends  of  side-arm  tubes  attached  to 
the  flowing-afterglow  apparatus  at  a  suita- 
ble location  downstream  of  the  discharge 
(see  Figure  1). 

The  oxygen  atoms  enter  the  side-arm 
tubes  and  diffuse  to  the  specimens  at  the 
outer  ends.  The  dimensions  of  the  side-arm 
tubes  and  the  total  pressure  in  the  flowing- 


Figure  2.  Monatomic  Oxygen  Generated  by  Photolysis  in  the  pulsed 
laser  beam  diffuses  sideways  out  of  the  laser  beam  and  onto  the  nearby 
surfaces  of  the  specimens. 


afterglow  gas  are  selected  so  that  the 
characteristic  time  for  the  diffusion  of 
monatomic  oxygen  across  a  side-arm  tube 
is  much  less  than  the  characteristic  time 
for  recombination  of  monatomic  oxygen 
into  diatomic  oxygen.  This  selection  as- 
sures that  the  flux  of  monatomic  oxygen  is 
distributed  evenly  across  each  side  arm 
and  across  the  specimen  at  the  end  of 
each  side  arm. 

In  the  second  kind  of  chamber,  mon- 
atomic oxygen  is  generated  by  laser-pulse 
photolysis.  In  the  version  illustrated  in  Fig- 
ure 2,  the  ultraviolet  (or,  in  some  cases,  in- 
frared) output  of  an  excimer  laser  is  fo- 
cused into  a  beam  of  rectangular  cross 
section.  Specimen  sheets  are  placed  near 
and  parallel  to  (but  not  touching)  the  beam. 
The  gas  (which  could  contain  Og,  O3,  NOg, 
NgO,  or  other  suitable  precursor  mole- 
cules) flows  through  the  chamber. 

As  in  the  side-arm  approach,  the  oxygen 
atoms  reach  the  surfaces  of  the  speci- 
mens only  by  diffusion.  In  this  case,  the 
dose  received  by  each  specimen  is  propor- 


tional to  the  number  of  oxygen  atoms  gen- 
erated in  the  photolysis  volume  between 
the  specimens.  The  flux  of  atomic  oxygen 
is  distributed  evenly  across  each  speci- 
men as  long  as  the  monatomic  oxygen  is 
distributed  evenly  in  the  photolysis  volume. 

This  work  was  done  by  Steve  Koontz 
of  Johnson  Space  Flight  Center. 

This  invention  is  owned  by  NASA,  and 
a  patent  application  tias  been  filed. 
Inquiries  concerning  nonexclusive  or 
exclusive  license  for  its  commercial 
development  siiould  be  addressed  to  ttie 
Patent  Counsel,  Johnson  Space  Flight 
Center  Refer  to  MSC-21505/TN. 

Lyndon  B.  Johnson 
Space  Center 

Technology  Utilization 
Officer:  Dean  C.  Glenn 
Mail  Code  10^ 
Houston,  TX  77058 
(713)  483-3809 
Patent  Counsel: 
Edward  K.  Fein 
Mail  Code  AL3 
Houston,  TX  77058 
(713)  483-4871 


FOR  ADDITIONAL  INFORMATION:  Contact:  Director.  Technology  Transfer  Division,  P.O.  Box  8757, 
BWI  Airport,  MD  21240,  (301)  621-0100  Ext  241 
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0884    Semiconductor  Igniter  Makes  Multiple  Air  Bags  Likelier 
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0    Technology  Application 


Sandia  National  Laboratory  > 

Semiconductor  Igniter  l\/lakes  Multiple  Air  Bags 
Likelier 


A  low-energy  explosive  igniter  invented  at 
Sandia  National  Laboratories  could  make  it 
easier  for  automobile  manufacturers  to  install 
multiple  air  bags  in  their  vehicles. 

In  designing  air  bag  safety  systems,  engineers 
consider  a  worst  case  scenario  of  an  almost 
depleted  automobile  battery.   In  such  a  case,  the 
hot-wire  igniter  currently  used  in  air  bag 
systems  would  require  nearly  all  the  battery's 
remaining  voltage  output  and  therefore  might 
not  be  effective  in  systems  that  have  several  air 
bags  and  explosively  activated  seat  belt 
restrainers. 

Sandia,  a  leader  in  the  field  on  one-shot, 
explosively  activated  devices,  developed  a 
silicon  chip  a  few  years  ago  that  private 
companies  are  now  adapting  for  use  as  an  air 
bag  igniter.  The  device,  called  a  semiconductor 
bridge  (SCB),  makes  multiple  air-bag  and 
restraint  systems  more  feasible  because  it 
requires  much  less  energy  than  traditional  hot- 
wire   igniters. 

After  the  rapid  deceleration  of  a  crash,  air  bags 
are  ignited  electrically  by  a  hot-wire  device 
inside  an  explosive  cartridge.  The  device  heats, 
causing  the  sensitive  explosive  material  to  burn 
and  produce  a  hot  gas,  which  enters  the  stowed 
air  bag,  where  it  ignites  a  gas-generating 
propellant.    The  propellant  then  releases  a 
burst  of  nitrogen  gas  that  rapidly  inflates  the 
bag.  The  entire  process  takes  only  a  few 
thousandths  of  a  second. 

Instead  of  a  hot-wire  device,  the  SCB 
incorporates  a  heavily  doped  silicon  or 
polysilicon  area  on  a  sapphire  or  silicon 
substrate.    Doped  with  diffused  phosphorus,  the 
area  forms  the  crossbar  of  an  H-shaped  pattern 
that  allows  good  electrical  contact  with  an 
overlaid  aluminum  land.    As  with  the  hot  wire 
device,  an  explosive  powder  is  pressed  against 


A  semiconductor  bridge  rests  on  a  penny.  The  penny's  C  and  E 
letters  below  the  device  give  an  Indication  of  Its  size. 


the  SCB,  and  an  electrical  potential  is  applied 
across  the  SCB  to  ignite  the  powder.   However, 
because  the  bridge  is  about  100  times  smaller 
in  volume  than  a  conventional  hot  wire,  it  can 
be  heated  much  faster  and  with  less  energy. 

The  SCB  has  another  advantage  over  hot-wire 
igniters.  Because  SCBs  are  processed  on  a 
silicon  wafer,  the  chip  can  incorporate 
additional  circuitry  for  logic,  timing,  and 
safety. 

"The  special  features  of  SCB  igniters  are 
attractive  for  air  bag  application.    We  feel 
confident  that  safe,  reliable,  and  cost-effective 
SCB  igniters  can  be  manufactured  using  modern 
microelectronics  techniques,"  says  Bob  Bickes 
of  Sandia's  Explosive  Components  Department. 

Bickes  and  Al  Schwarz,  now  retired,  invented 
the  SCB.   Sandia  issued  the  first  license  for 
commercialization  of  the  technology  to  SCB 
Technologies,  Inc.  based  in  Albuquerque,  to 


884 


develop  SCB  igniters  for  automotive  air  bags. 
SCB  Technologies,  Inc.,  has  issued  a  sublicense 
for  SCB  air  bag  manufacture  to  Thiokol 
Corporation's  Tactical  Operations  Division  in 
Elkton,  Maryland. 

Dave  Anderson,  manager  of  Sandia's  Explosive 
Components  Department,  says  the  SCB  could  be 
used  also  for  nonautomotive  purposes. 

"Examples  include  time-arrayed  blasting  for 


mining  and  numerous  military  applications 
such  as  smart  weapons,  advanced  antitank 
weapons,  aircraft  ejection  systems,  an  satellite 
applications  including  miniature  thrusters  and 
actuators,"  Anderson  says.   Technical  Contacts: 
Bob  Bickes  (505)846-0559  and  Dave 
Anderson    (505)844-4738. 

FOR  ADDITONAL  INFORMATION:  Department  of 
Energy,  Sandia  National  Laboratories, 
Albuquerque,   NM   87185-5800. 
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